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1

DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2020-0032740, filed on

Mar. 17, 2020, 1n the Korean Intellectual Property Oflice, the
entire content of which 1s herein incorporated by reference.

BACKGROUND
1. Field

Aspects of embodiments of the present disclosure relate to
a display device and a method of manufacturing the same.

2. Description of the Related Art

Due to increasing interest in information displays and
high demand for portable information media, display
devices have been 1n high demand. Accordingly, commer-
cialization of display devices has intensified.

SUMMARY

Aspects of embodiments of the present disclosure provide
a display device formed by a simplified manufacturing
process by using fewer masks and the method of manufac-
turing the display device.

A display device according to an embodiment of the
present disclosure includes a substrate having a display area
and a non-display area extending around a side of the display
area, the display area including a plurality of pixel areas, and
a pixel 1 each of the pixel areas. Each of the pixels includes
an 1nsulating layer on the substrate and having an opening,
first and second electrodes on the insulating layer and spaced
apart from each other, a plurality of light emitting elements
in the opening, a first contact electrode electrically connect-
ing one end of the light emitting elements and the first
electrode to each other, a second contact electrode electri-
cally connecting another end of the light emitting elements
and the second electrode to each other, a first insulating
pattern on the first contact electrode, and a second 1nsulating
pattern on the second contact electrode. The first insulating
pattern and the second insulating pattern are on the same
layer and are spaced apart from each other.

In an embodiment of the present disclosure, the first
insulating pattern may overlap the first contact electrode
when viewed on a plane, and the second insulating pattern
may overlap the second contact electrode when viewed on
the plane.

In an embodiment of the present disclosure, the first
contact electrode and the first insulating pattern may have
the same planar shape, and the second contact electrode and
the second insulating pattern may have the same planar
shape.

In an embodiment of the present disclosure, the first
insulating pattern and the second insulating pattern may be
organic insulating films including the same organic material.

In an embodiment of the present disclosure, the first
insulating pattern may be directly on the first contact elec-
trode, and the second insulating pattern may be directly on
the second contact electrode.

In an embodiment of the present disclosure, the first
contact electrode and the first insulating pattern may have
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the same planar shape, and the second contact electrode and
the second insulating pattern may have the same planar
shape.

In an embodiment of the present disclosure, each of the
pixels may further include a pixel circuit portion including
a transistor, and the pixel circuit portion may be between the
substrate and the nsulating layer.

In an embodiment of the present disclosure, the transistor
may be spaced apart from the opening in the insulating layer
when viewed 1n a cross section.

A display device according to another embodiment of the
present disclosure includes a substrate having a display area
and a non-display area extending around at least one side of
the display area, the display area including a plurality of
pixel areas, and a pixel 1n each of the pixel areas. Each of the
pixels includes a transistor and a driving voltage line on the
substrate, a passivation layer on the transistor and the
driving voltage line, an insulating layer on the passivation
layer and having an opening, first and second electrodes on
the msulating layer and spaced apart from each other, and a
plurality of light emitting elements 1n the opening.

In an embodiment of the present disclosure, the passiva-
tion layer may have a first area corresponding to the opening
in the insulating layer and a second area that does not
correspond to the opening in the insulating layer. A thickness
of the first area of the passivation layer and a thickness of the
second area of the passivation layer may be different from
cach other.

In an embodiment of the present disclosure, the thickness
of the first area of the passivation layer may be less than the
thickness of the second area of the passivation layer.

In an embodiment of the present disclosure, a first dis-
tance between the substrate and a portion of each of the first
and second electrodes 1n the opening 1n the mnsulating layer
may be less than a second distance between the substrate and
the passivation layer.

In an embodiment of the present disclosure, each of the
pixels may further include an msulating pattern on an upper
surface of each of the light emitting elements, a first contact
clectrode connecting the first electrode and one end of the
light emitting elements, and a second contact electrode
connecting the second electrode and another end of the light
emitting elements.

In an embodiment of the present disclosure, the first
contact electrode and the second contact electrode may be
spaced apart from each other on the insulating pattern.

In an embodiment of the present disclosure, the first
contact electrode and the second contact electrode may be
on the same layer or may be on diflerent layers.

In an embodiment of the present disclosure, each of the
pixels may further include a first mnsulating pattern on the
first contact electrode and a second insulating pattern on the
second contact electrode. The first contact electrode and the
first insulating pattern may have the same planar shape, and
the second contact electrode and the second insulating
pattern may have the same planar shape.

A method of manufacturing a display device according to
an embodiment of the present disclosure includes providing
a pixel in each pixel area on a substrate. The providing the
pixel includes forming a transistor and a driving voltage line
on the substrate, forming a first insulating material layer on
the transistor and the driving voltage line, forming an
insulating pattern having a sub opening exposing the {first
insulating material layer by forming a second insulating
material layer on the first nsulating material layer and
removing a portion of the second insulating material layer,
forming a passivation layer having a groove and an insulat-
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ing layer having an opening with a width greater than a
width of the sub opening by removing a portion of the
exposed first insulating material layer using the insulating
pattern as an etching mask, forming a first electrode and a
second electrode spaced apart from each other on the insu-
lating layer, supplying light emitting elements to the pixel
areas and aligning the light emitting elements by forming an
clectric field between the first electrode and the second
clectrode by applying an alignment signal corresponding to
cach of the first and second electrodes, and forming a contact
clectrode on each of the first and second electrodes.

In an embodiment of the present disclosure, the groove 1n
the passivation layer may correspond to the opening 1n the
insulating layer.

In an embodiment of the present disclosure, a first dis-
tance between the substrate and a portion of each of the first
and second electrodes 1n the opening 1n the msulating layer
may be less than a second distance between the substrate and
the passivation layer.

In an embodiment of the present disclosure, the forming,
the passivation layer and the insulating layer may include
forming a contact opening exposing each of a portion of the
transistor and a portion of the driving voltage line by
removing a portion of the insulating pattern and the second
insulating matenal layer.

According to embodiments of the present disclosure, a
display device may be formed by a simplified manufacturing
process by stably fixing the light emitting element using a
contact electrode and the insulating pattern positioned
thereon such that a separate configuration (e.g., a separate
clement or component) for fixing the light emitting element
may be omitted.

In addition, a portion of the pixel circuit portion may be
connected to a portion of a display element portion by using
the insulating pattern, which has an opening 1n which the
light emitting element 1s disposed, as an etching mask.
Therefore, a display device may be formed by a simplified
manufacturing process using fewer masks.

Additionally, a method of manufacturing the above-de-
scribed display device may be provided.

Aspects and features of embodiments of the present
disclosure are not limited to those described above and other

aspects and features are described throughout the present
specification.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects and features of the present
disclosure will become more apparent by describing, 1n
turther detail, example embodiments thereof with reference
to the accompanying drawings, 1n which:

FIG. 1A 1s a perspective view schematically illustrating a
light emitting element according to an embodiment of the
present disclosure;

FIG. 1B 1s a cross-sectional view of the light emitting
element shown 1n FIG. 1A;

FIG. 2A 15 a perspective view schematically 1llustrating a
light emitting element according to another embodiment of
the present disclosure;

FIG. 2B 1s a cross-sectional view of the light emitting
element shown 1n FIG. 2A;

FIG. 3A 1s a perspective view schematically illustrating a
light emitting element according to another embodiment of
the present disclosure;

FIG. 3B 1s a cross-sectional view of the light emitting
element shown 1n FIG. 3A;
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FIG. 4A 1s a perspective view schematically illustrating a
light emitting element according to another embodiment of

the present disclosure;

FIG. 4B 1s a cross-sectional view of the light emitting
element shown 1n FIG. 4A;

FIG. 5 1s a schematic plan view illustrating a display
device according to an embodiment of the present disclosure
including, for example, any of the light emitting elements
shown 1 FIGS. 1A to 4B as a light emitting source;

FIGS. 6A to 6E are circuit diagrams 1llustrating an elec-
trical connection relationship between components included
in one pixel shown 1n FIG. § according to embodiments of
the present disclosure;

FIGS. 7A and 7B are circuit diagrams illustrating an
clectrical connection relation of the components included 1n
one pixel shown 1n FIG. 5 according to embodiments of the
present disclosure;

FIG. 8 1s a plan view schematically illustrating one pixel
shown 1n FIG. 5;

FIG. 9 15 a cross-sectional view taken along the line I-I' of
FIG. 8;

FIG. 10 1s an enlarged cross-sectional view of the portion
EA1 of FIG. 9;

FIGS. 11A to 11E are schematic plan views sequentially
illustrating a method of manufacturing the pixel shown 1n
FIGS. 8 and 9;

FIGS. 12A to 12G are schematic cross-sectional views
sequentially 1llustrating a method of manufacturing the pixel
shown 1n FIGS. 8 and 9;

FIG. 13 15 a plan view schematically illustrating one pixel
according to another embodiment of the present disclosure;

FIG. 14 1s a cross-sectional view taken along the line II-1T
of FIG. 13;

FIG. 15 1s an enlarged cross-sectional view of the portion
EA2 of FIG. 14;

FIG. 16 1s a cross-sectional view corresponding to the line
II-IT' of FIG. 13 1n an implementation of the display element
portion shown 1n FIG. 14 according to another embodiment;

FIGS. 17A to 17G are schematic plan views sequentially
illustrating a method of manufacturing the pixel shown 1n
FIGS. 13 and 14;

FIGS. 18A to 181 are schematic cross-sectional views
sequentially 1llustrating a method of manufacturing the pixel
shown 1n FIGS. 13 and 14; and

FIG. 19 1s a cross-sectional view of the implementation of
the display element portion shown 1n FIG. 14 according to
another embodiment.

DETAILED DESCRIPTION

The present disclosure may be modified 1n various man-
ners and may have various forms. Therefore, while example
embodiments are illustrated in the drawings and will be
described, in detail, in the specification, 1t should be under-
stood that the present disclosure 1s not intended to be limited
to the disclosed embodiments. The present disclosure
includes all modifications, equivalents, and substitutions
within the spirit and technical scope of the present disclo-
sure.

Similar reference numerals are used to indicate similar
components in describing the drawings. In the accompany-
ing drawings, the dimensions ol the structures may be
enlarged from their actual dimensions for the sake of clarity.
Terms, such as “first,” “second,” and the like, may be used
to describe various components, but the components should
not be limited by such terms. These terms are used only for
the purpose of distinguishing one component from another
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component. For example, without departing from the scope
ol the present disclosure, a first component may be referred
to as a second component, and similarly, a second compo-
nent may be referred to as a first component. Singular
expressions, such as “a” and “an,” include plural expressions
unless the context clearly indicates otherwise.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments of the present invention
and 1s not intended to be limiting of the described example
embodiments of the present invention. It should be under-
stood that 1n the present disclosure, terms, such as “include,”
“comprise,” “have,” etc., and variations thereof, 1s used to
specily that a feature, a number, a step, an operation, a
component, a part, or a combination thereof described 1n the
specification 1s present but does not exclude the possibility
ol the presence or addition of one or more other features,
numbers, steps, operations, components, parts, or combina-
tions thereol. In addition, when a portion of a layer, a film,
an area, a plate, or the like 1s referred to as being “on”
another portion, 1t includes not only an embodiment 1n
which the portion 1s “directly on” the other portion but also
an embodiment in which yet another portion 1s between the
portion and the other portion. In addition, 1n the present
disclosure, when a portion of a layer, a film, an area, a plate,
or the like 1s formed on another portion, a forming direction
1s not limited to an upper direction (e.g., the formation 1s not
limited to forming on an upper surtace of the other portion)
but includes forming the portion on a side surface or i a
lower direction (e.g. on a lower surface). When a portion of
a layer, a film, an area, a plate, or the like 1s formed “under”
another portion, this includes not only an embodiment 1n
which the portion 1s “directly beneath” the other portion but
also an embodiment in which yet another portion 1s between
the portion and the other portion.

Similarly, 1t will be understood that when an element or
layer 1s referred to as being “connected to” or “coupled to”
another element or layer, it may be directly connected or
coupled to the other element or layer or one or more
intervening elements or layers may also be present. When an
clement or layer 1s referred to as being “directly connected
to” or “directly coupled to” another element or layer, there
are no intervening elements or layers present. For example,
when a first element 1s described as being “coupled” or
“connected” to a second element, the first element may be
directly coupled or connected to the second element or the
first element may be indirectly coupled or connected to the
second element via one or more intervening elements.

As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Further, the use of “may” when describing embodiments of
the present invention relates to “one or more embodiments
of the present invention.” Expressions, such as “at least one
of,” when preceding a list of elements, modity the entire list
of elements and do not modity the individual elements of the
list. Also, the term “exemplary” 1s intended to refer to an
example or illustration. As used herein, the terms “use,”
“using,” and “used” may be considered synonymous with
the terms “utilize,” “utilizing,” and “utilized,” respectively.
As used herein, the terms “substantially,” “about,” and
similar terms are used as terms ol approximation and not as
terms of degree, and are intended to account for the inherent
variations 1 measured or calculated values that would be
recognized by those of ordinary skill in the art.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper,” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
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in the figures. It will be understood that the spatially relative
terms are mtended to encompass different orientations of the
device 1n use or operation in addition to the orentation
depicted 1n the figures. For example, 1f the device in the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” or “over” the other elements or features. Thus, the
term “below” may encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations), and the spatially relative
descriptors used herein should be interpreted accordingly.

Also, any numerical range disclosed and/or recited herein
1s intended to include all sub-ranges of the same numerical
precision subsumed within the recited range. For example, a
range of “1.0 to 10.0” 1s intended to include all subranges
between (and including) the recited minimum value of 1.0
and the recited maximum value of 10.0, that 1s, having a
minimum value equal to or greater than 1.0 and a maximum
value equal to or less than 10.0, such as, for example, 2.4 to
7.6. Any maximum numerical limitation recited herein 1s
intended to include all lower numerical limitations sub-
sumed therein, and any minimum numerical limitation
recited 1n this specification 1s intended to include all higher
numerical limitations subsumed therein. Accordingly, Appli-
cant reserves the right to amend this specification, including
the claims, to expressly recite any sub-range subsumed
within the ranges expressly recited herein. All such ranges
are intended to be mnherently described 1n this specification
such that amending to expressly recite any such subranges
would comply with the requirements of 35 U.S.C. § 112(a)
and 35 U.S.C. § 132(a).

Heremaftter, example embodiments of the present disclo-
sure will be described, 1n detail, with reference to the
accompanying drawings such that the disclosure 1s thorough
and complete.

FIG. 1A 1s a perspective view schematically illustrating a
light emitting element according to an embodiment of the
present disclosure, FIG. 1B 1s a cross-sectional view of the
light emitting element shown 1n FIG. 1A, FIG. 2A 1s a
perspective view schematically illustrating a light emitting,
clement according to another embodiment of the present
disclosure, FIG. 2B 1s a cross-sectional view of the light
emitting element shown in FIG. 2A, FIG. 3A 1s a perspective
view schematically illustrating a light emitting element
according to another embodiment of the present disclosure,
FIG. 3B 1s a cross-sectional view of the light emitting
clement shown 1n FIG. 3A, FIG. 4A 1s a perspective view
schematically illustrating a light emitting element according
to another embodiment of the present disclosure, and FIG.
4B 1s a cross-sectional view of the light emitting element
shown 1n FIG. 4A.

The light emitting elements shown 1n FIGS. 1A, 1B, 2A,
2B, 3A, and 3B may be manufactured by an etching method,
and the light emitting element shown 1n FIGS. 4A and 4B
may be manufactured by a growth method. In an embodi-
ment of the present disclosure, a type and/or a shape of the
light emitting element are/i1s not limited to the embodiments
illustrated 1n FIGS. 1A, 1B, 2A, 2B, 3A, 3B, 4A, and 4B.

Referring to FIGS. 1A, 1B, 2A, 2B, 3A, and 3B, the light
emitting element LD may include a first semiconductor layer
11, a second semiconductor layer 13, and an active layer 12
interposed between the first semiconductor layer 11 and the
second semiconductor layer 13. For example, the light
emitting element LD may be implemented as a light emitting
stack 1n which the first semiconductor layer 11, the active
layer 12, and the second semiconductor layer 13 are sequen-
tially stacked.
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According to an embodiment of the present disclosure,
the light emitting element LD may have a shape extending
in one direction. When an extension direction of the light
emitting element LD 1s referred to as a longitudinal direc-
tion, the light emitting element LD may have one side end 5
and another side end along the extension (or longitudinal)
direction. One semiconductor layer from among the first and
second semiconductor layers 11 and 13 may be disposed at
the one side end of the light emitting element LD, and the
other of the first and second semiconductor layers 11 and 13 10
may be disposed at the other side end of the light emitting,
clement LD.

The light emitting element LD may have various suitable
shapes. For example, the light emitting element LD may
have a rod-like shape or a bar-like shape that 1s long 1n (e.g., 15
1s longer 1n or 1s elongated 1n) the longitudinal direction
(e.g., has an aspect ratio greater than 1). In an embodiment
of the present disclosure, a length L of the light emitting
clement LD 1n the longitudinal direction may be greater than
a diameter D (or a width of a cross section) of the light 20
emitting element LD. The light emitting element LD may
include, for example, a light emitting diode manufactured to
be extremely small to have the diameter D and/or the length
L of about a nano scale to a micro scale (e.g., may have a size
in a range from about 1 nm to about 1,000 um). In an 25
embodiment of the present disclosure, a size of the light
emitting element LD may be varied (e.g., selected) accord-
ing to a requirement condition (or a design condition) of a
lighting device or a self-luminous display device to which
the light emitting element LD 1s to be applied. 30

The first semiconductor layer 11 may include at least one
n-type semiconductor layer. For example, the first semicon-
ductor layer 11 may include any one semiconductor material
from among InAlGaN, GaN, AlGaN, InGaN, AIN, and InN
and may 1nclude an n-type semiconductor layer doped with 35
a first conductive dopant, such as S1, Ge, or Sn. However, the
first semiconductor layer 11 1s not limited to the above-
described material configurations, and the first semiconduc-
tor layer 11 may include various suitable materials.

The active layer 12 may be disposed on the first semi- 40
conductor layer 11 and may be formed having a single or
multiple quantum well structure. A position of the active
layer 12 may be variously changed according to the type of
the light emitting element LD. The active layer 12 may emit
light 1n a wavelength of about 400 nm to about 900 nm and 45
may have a double hetero structure. In an embodiment of the
present disclosure, a clad layer doped with a conductive
dopant may be formed on and/or under the active layer 12.
For example, the clad layer may include (or may be formed
of) an AlGaN layer or an InAlGaN layer. According to an 50
embodiment, a material, such as AlGaN or InAlGaN, may be
used to form (e.g., used to form or partially form) the active
layer 12. In addition, various suitable materials may form
the active layer 12.

When an electric field of having a reference voltage or 55
more (e.g., a predetermined voltage or more) 1s applied to
both ends (e.g., opposite ends) of the light emitting element
LD, the light emitting element LD emaits light as electron-
hole pairs are combined in the active layer 12. The light
emission from the light emitting element LD may be con- 60
trolled by using such a principle such that the light emitting
clement LD may be used as a light source of various light
emitting elements LD, including a pixel of a display device.

The second semiconductor layer 13 may be disposed on
the active layer 12 and may include a semiconductor layer 65
of a type diflerent from that of the first semiconductor layer
11. For example, the second semiconductor layer 13 may
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include at least one p-type semiconductor layer. For
example, the second semiconductor layer 13 may include at
least one semiconductor material from among InAlGaNN,
GaN, AlGaN, InGaN, AIN, and InN and may include a
p-type semiconductor layer doped with a second conductive
dopant, such as Mg. However, the second semiconductor
layer 13 1s not limited to the above-described material
configurations, and the second semiconductor layer 13 may
include various suitable materials.

In an embodiment of the present disclosure, the first
semiconductor layer 11 and the second semiconductor layer
13 may have widths (or thicknesses or lengths) different
from each other in the direction of the length L (e.g., in the
length direction L) of the light emitting element LD. For
example, the first semiconductor layer 11 may be relatively
wider (or relatively thicker or longer) than the second
semiconductor layer 13 along the length direction L of the
light emitting element L.D. Therefore, the active layer 12 of
the light emitting element LD may be positioned more
adjacently to (e.g., nearer to) an upper surface of the second
semiconductor layer 13 than to a lower surface of the first
semiconductor layer 11, as shown 1n FIGS. 1A to 3B.

According to an embodiment of the present disclosure,
the light emitting element LD may further include an
additional electrode 15 disposed on the second semiconduc-
tor layer 13 1n addition to the above-described first semi-
conductor layer 11, active layer 12, and second semicon-
ductor layer 13. In addition, according to an embodiment
and as shown 1n FIGS. 3A and 3B, the light emitting element
LD may further include another additional electrode 16
disposed at one end of the first semiconductor layer 11.

The additional electrodes 15 and 16 may be ohmic contact
clectrodes, but are not limited thereto and may be Schottky
contact electrodes. The additional electrodes 15 and 16 may
include a metal or metal oxide, for example chromium (Cr),
titanium (1), aluminum (Al), gold (Au), nickel (N1), indium
tin oxide (ITO), an oxide or an alloy thereof, and the like
may be used alone or in combination, but the present
disclosure 1s not limited thereto.

The materials included 1n each of the additional electrodes
15 and 16 may be the same as or different from each other.
The additional electrodes 15 and 16 may be substantially
transparent or translucent. Therefore, the light generated by
the light emitting element LD may pass through the addi-
tional electrodes 15 and 16 and may be emitted to the outside
of the light emitting element LD. According to an embodi-
ment, the additional electrodes 15 and 16 may include an
opaque metal such that the light generated by the light
emitting element LD does not pass through the additional
clectrodes 15 and 16 and 1s emitted to the outside of the light
emitting element LD through a region other than both ends
of the light emitting element LD.

In an embodiment of the present disclosure, the light
emitting element LD may further include an msulating film
14. However, according to an embodiment, the insulating
film 14 may be omitted or may be provided so as to cover
only a part (or portion) of the first semiconductor layer 11,
the active layer 12, and the second semiconductor layer 13.

The msulating film 14 may prevent or substantially pre-
vent an electrical short circuit that may occur when the
active layer 12 contacts a conductive material other than the
first semiconductor layer 11 and the second semiconductor
layer 13. In addition, the mnsulating film 14 may improve a
life (e.g., a lifetime) and efhiciency of the light emitting
clement LD by reducing or minimizing a surface defect 1n
the light emitting element LD. In addition, when a plurality
of light emitting elements LD are closely disposed, the
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insulating film 14 may prevent or substantially prevent an
unwanted short circuit that may occur between adjacent light
emitting elements LD. However, while the active layer 12
prevents or substantially prevents an occurrence of a short
circuit with an external conductive material, the presence or
absence of the msulating film 14 1s not limited.

As shown 1n FIGS. 1A and 1B, the insulating film 14 may
be provided 1n a form entirely surrounding an outer circum-
ferential surface (e.g., an outer periphery) of the light
emitting stack including the first semiconductor layer 11, the
active layer 12, the second semiconductor layer 13, and the
additional electrode 15. For convenience of description, a
portion of the msulating film 14 1s omitted in FIG. 1A to
show the underlying layers, and the first semiconductor
layer 11, the active layer 12, the second semiconductor layer
13, and the additional electrode 15 included in the actual
light emitting element LD may be surrounded by (e.g.,
surrounded along their peripheries by) the insulating film 14.

In the above-described embodiment, the mmsulating film
14 entirely surrounds the outer circumierential surface of
cach of the first semiconductor layer 11, the active layer 12,
the second semiconductor layer 13, and the additional elec-
trode 15, but the present disclosure 1s not limited thereto.

According to an embodiment and as shown 1n FIGS. 2A
and 2B, the insulating film 14 may surround the outer
circumierential surface of each of the first semiconductor
layer 11, the active layer 12, and the second semiconductor
layer 13 and may not surround the outer circumierential
surface of the additional electrode 15 disposed on the second
semiconductor layer 13 or may surround only a portion of
the outer circumierential surface of the additional electrode
15 and may not surround the remaining portion of the outer
circumierential surface of the additional electrode 15.

The 1nsulating film 14 may expose at least both ends of
the light emitting element LD. For example, the insulating,
f1lm 14 may expose one end of the first semiconductor layer
11 and one end of the additional electrode 15 disposed at
sides of the second semiconductor layer 13. In addition,
according to an embodiment and as shown in FIGS. 3A and
3B, when the additional electrodes 15 and 16 are disposed
at the both ends (e.g., the opposite ends) of the light emitting
clement LD, the msulating film 14 may expose at least one
region of each of the additional electrodes 15 and 16. In
another embodiment, the insulating film 14 may be omatted.

According to an embodiment of the present disclosure,
the msulating film 14 may include a transparent nsulating
material. For example, the insulating film 14 may include
one or more insulating materials selected from a group
consisting of S10,, S1,N_, Al,O,, and T10, but 1s not limited
thereto, and various suitable materials having insulating
properties may be used.

When the msulating film 14 1s provided on the light
emitting element LD, a short circuit between the active layer
12 and a first electrode and/or a second electrode (described
in more detail below) may be prevented or substantially
prevented. In addition, by forming the insulating film 14, the
life and ethiciency of the light emitting element LD may be
improved by reducing or minimizing a surface defect in the
light emitting element LD. In addition, when the plurality of
light emitting elements LD are closely disposed, the insu-
lating film 14 may prevent or substantially prevent an
unwanted short circuit that may occur between adjacent light
emitting elements LD.

The above-described light emitting elements LD may be
used as a light emitting source of various display devices.
The light emitting elements LD may be manufactured by a
surface treatment process. For example, the plurality of light
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emitting elements LD are mixed 1n a fluid solution (e.g., a
solvent) and supplied to each light emission area (e.g., a
light emission area of each pixel or a light emission area of
cach sub pixel) so that the light emitting elements LD may
be uniformly sprayed without aggregating (e.g., without
ununiformly aggregating) in the solution.

The light emitting elements LD described above may be
used 1n various types of devices that use a light source,
including a display device. For example, when a plurality of
light emitting elements LD are disposed in a light emission
area of each pixel of a display panel, the light emitting
clements LD may be used as a light source of each pixel.
However, an application field of the light emitting element
LD 1s not limited to the above-described example. For
example, the light emitting element LD may be used in other
types of devices that use a light source, such as a lighting
device.

Next, the light emitting element LD manufactured by the
growth method will be described with reference to FIGS. 4A
and 4B.

The light emitting element LD manufactured by the
growth method, shown i FIGS. 4A and 4B, will be
described primarily based on differences from the above-
described embodiments shown 1in FIGS. 1A to 3B, and
clements and/or components of the light emitting element
LD shown in FIGS. 4A and 4B that are not specially
described may be the same or substantially similar to the
above-described embodiments. In such cases, the same
reference numerals are given to similar and/or the same
components as those of the above-described embodiments.

Referring to FIGS. 4A and 4B, the light emitting element
LD according to an embodiment of the present disclosure
may include the first semiconductor layer 11, the second
semiconductor layer 13, and the active layer 12 interposed
between the first and second semiconductor layers 11 and
13. According to an embodiment, the light emitting element
LD may include a light emission pattern 10 having a
core-shell structure including the first semiconductor layer
11 positioned 1n a center, the active layer 12 surrounding at
least one side of the first semiconductor layer 11, the second
semiconductor layer 13 surrounding at least one side of the
active layer 12, and the additional electrode 15 surrounding
at least one side of the second semiconductor layer 13.

The light emitting element LD may have a polygonal horn
shape extending 1n one direction. For example, the light
emitting element LD may have a hexagonal horn shape.
When the extension direction of the light emitting element
LD 1s referred to as the length direction L, the light emitting
clement LD may have one end (e.g., a lower end) and
another end (e.g., an upper end) along the length direction L.
A portion of one semiconductor layer of the first and second
semiconductor layers 11 and 13 may be exposed at the one
end (e.g., the lower end) of the light emitting element LD,
and a portion of the other semiconductor layer of the first
and second semiconductor layers 11 and 13 may be exposed
at the other end (e.g., the upper end) of the light emitting
clement LD. For example, a portion of the first semicon-
ductor layer 11 may be exposed at the one end (e.g., the
lower end) of the light emitting element LD, and a portion
of the second semiconductor layer 13 may be exposed at the
other end (e.g., the upper end) of the light emitting element
LD. In such an embodiment, when the light emitting element
LD 1s applied as a light source of the display device, the
exposed portion of the first semiconductor layer 11 may
contact a driving electrode driving the light emitting element
LD, and the exposed portion of the second semiconductor
layer 13 may contact another driving electrode.
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According to an embodiment, when the light emitting
clement LD includes the additional electrode 15, a portion of
the additional electrode 15 surrounding at least one side of
the second semiconductor layer 13 may be exposed at the
other end (e.g., the upper end) of the light emitting element
L.D. In such an embodiment, when the light emitting element
LD 1s applied as the light source of the display device, the
exposed portion of the additional electrode 15 may contact
the other driving electrode and may be electrically con-
nected to the other driving electrode.

In an embodiment of the present disclosure, the first
semiconductor layer 11 may be positioned at a core, that 1s,
a center of the light emitting element LD. The light emitting
clement LD may have a shape corresponding to a shape of
the first semiconductor layer 11. For example, when the first
semiconductor layer 11 has a hexagonal horn shape, the light
emitting element LD and the light emission pattern 10 may
also have a hexagonal horn shape.

The active layer 12 may be provided and/or formed 1n a
shape surrounding the outer circumierential surface of the
first semiconductor layer 11 1n the length direction L of the
light emitting element LD. For example, the active layer 12
may be provided and/or formed in a shape surrounding the
region except for the other end of the first semiconductor
layer 11 disposed at the lower side of the first semiconductor
layer 11 in the length direction L of the light emitting
clement LD.

The second semiconductor layer 13 may be provided
and/or formed 1n a shape surrounding the active layer 12 1n
the length direction L of the light emitting element LD and
may include a semiconductor layer of a type diflerent from
that of the first semiconductor layer 11. For example, the
second semiconductor layer 13 may include at least one
p-type semiconductor layer.

In an embodiment of the present disclosure, the light
emitting element LD may include the additional electrode 15
surrounding at least one side of the second semiconductor
layer 13. The additional electrode 15 may be an ohmic
contact electrode or a Schottky contact electrode electrically
connected to the second semiconductor layer 13, but the
present disclosure i1s not limited thereto.

As described above, the light emitting element LD may
have the hexagonal horn shape as shown 1n FIGS. 4A and 4B
in which both ends are protruded and may be implemented
as the light emission pattern 10 having a core-shell structure
including the first semiconductor layer 11 provided in the
center thereof, the active layer 12 surrounding the {first
semiconductor layer 11, the second semiconductor layer 13
surrounding the active layer 12, and the additional electrode
15 surrounding the second semiconductor layer 13. The first
semiconductor layer 11 may be disposed at the one end (e.g.,
the lower end) of the light emitting element LD having the
hexagonal horn shape, and the additional electrode 15 may
be disposed at the other end (e.g., the upper end) of the light
emitting element LD.

In addition, according to an embodiment, the light emit-
ting element LD may further include the nsulating film 14
provided on an outer circumierential surface of the light
emission pattern 10 having the core-shell structure. The
insulating film 14 may include a transparent insulating
material.

FIG. 5 1s a schematic plan view illustrating a display
device according to an embodiment of the present disclo-
sure. The display device shown in FIG. § may use (or may
include) any of the light emitting elements shown 1n FIGS.
1A, 1B, 2A, 2B, 3A, 3B, 4A, and 4B as a light emitting
source.
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In FIG. 5, for convenience, a structure of the display
device 1s schematically shown based on a display area where
an 1mage 1s displayed. However, according to an embodi-
ment, at least one driver (e.g., a scan driver, a data driver,
and the like) and/or a plurality of signal lines may be further
disposed 1n the display device.

Referring to FIGS. 1A to 3, the display device according
to an embodiment of the present disclosure may include a
substrate SUB, a plurality of pixels PXL provided on the
substrate SUB, a driver provided on the substrate SUB and
configured to drive the pixels PXL, and a line portion
connecting the pixels PXL and the driver to each other. Each
pixel PXL includes at least one light emitting element LD.

The display device may be a passive matrix display
device or an active matrix display device according to a
method of driving the light emitting element LD. For
example, when the display device 1s an active matrix display
device, each of the pixels PXL may include a drniving
transistor that controls a current amount supplied to the light
emitting element LD, a switching transistor that transiers a
data signal to the driving transistor, and the like.

Recently, the active matrix display device that selects and
lights respective pixels PXL has become mainstream due to
its improved resolution, contrast, and operation speed. How-
ever, the present disclosure 1s not limited thereto, and the
passive matrix display device in which lighting 1s performed
for each group of pixels PXL may also use components (e.g.,
the first and second electrodes and the like) for driving the
light emitting element LD.

The substrate SUB may have a display area DA and a
non-display areca NDA.

According to an embodiment, the display area DA may be
disposed at a center arca of the display device, and the
non-display area NDA may be disposed at an edge area of
the display device to surround (e.g., to surround or extend
around a periphery of) the display area DA. However, the
positions of the display area DA and the non-display area
NDA are not limited thereto, and the positions of the display
area DA and the non-display area NDA may be changed.

The display area DA may be an area where the pixels PXL
that display an 1mage are provided. The non-display area
NDA may be an area where the driver for dniving the pixels
PXL and a portion of the line portion connecting the pixels
PXL and the driver to each other are provided.

The display area DA may have various shapes. For
example, the display area DA may have a closed polygon
shape including a side formed of a straight line (e.g., have
one or more straight line sides). In addition, the display area
DA may have a circular shape and/or an elliptical shape
including a side formed of a curve (e.g., having a curved
side). In addition, the display area DA may have various
suitable shapes, such as a semicircle, a semi-ellipse, and the
like including a side formed of a straight line and/or a curve.

The non-display area NDA may be provided on at least
one side of the display area DA. In an embodiment of the
present disclosure, the non-display area NDA may surround
a periphery (or edge) of the display area DA.

A portion of the line portion connected to the pixels PXL
and the driver connected to the line portion and for driving
the pixels PXL may be arranged in the non-display area
NDA.

The line portion may electrically connect the driver and
the pixels PXL to each other. The line portion may provide
a signal to each pixel PXL and may be signal lines connected
to each pixel PXL, for example, fan-out lines connected to
a scan line, a data line, an emission control line, and the like.
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The substrate SUB may include a transparent insulating
material and may transmit light. The substrate SUB may be
a rigid substrate or a flexible substrate.

One area of the substrate SUB may be the display area DA
on which the pixels PXL may be disposed, and the remain-
ing area of the substrate SUB may be provided as the
non-display area NDA. For example, the substrate SUB may
include the display area DA including pixel areas in which
cach pixel PXL 1s disposed, and the non-display area NDA
disposed around the display area DA.

Each of the pixels PXL may be provided 1n the display
area DA on the substrate SUB. In an embodiment of the
present disclosure, the pixels PXL may be arranged in the
display area DA 1n a stripe or Pen'Tile array structure, but the
present disclosure 1s not limited thereto.

Each of the pixels PXL may include at least one light
emitting element LD drniven by corresponding scan signal
and data signal. The light emitting element LD may have a
small size on a nano scale to a micro scale and may be
connected 1n parallel with adjacent light emitting elements,
but the present disclosure i1s not limited thereto. The light
emitting element LD may configure (or may form or con-
stitute) a light source of each of the pixels PXL.

Each of the pixels PXL may include at least one light
source driven by a signal (e.g., a scan signal and a data
signal) and/or power (e.g., first driving power and second
driving power). For example, each of the pixels PXL may
include at least one micro light emitting element LD having
a small size on about a nano scale to about a micro scale, as
shown 1n each of the embodiments shown i FIGS. 1A to
4B. However, the type of the light emitting element LD that
may be used as the light source of each of the pixels PXL 1s
not limited thereto.

In an embodiment of the present disclosure, the color,
type, number, and/or the like of the pixels PXL is not
limited, and for example, the color of light emitted from
cach pixel PXL may be variously changed.

The driver may provide a signal and power to each pixel
PXL through the line portion, thereby controlling driving of
the pixel PXL.

The driver may include a scan driver that provides a scan
signal to the pixels PXL through a scan line, an emission
driver that provides an emission control signal to the pixels
PXL through an emission control line, a data driver that
provides a data signal to the pixels PXL through a data line,
and a timing controller. The timing controller may control
the scan driver, the emission driver, and the data driver.

FIGS. 6A to 6E are circuit diagrams 1llustrating an elec-
trical connection relationship between components included
in one pixel shown 1n FIG. 5 according to various embodi-
ments.

For example, FIGS. 6 A to 6E show the electrical connec-
tion relationship between the components included in the
pixel PXL that may be applied to the active display device,
according to different embodiments. However, types of the
components mcluded 1n the pixel PXL to which an embodi-
ment of the present disclosure may be applied are not limited
thereto.

In FIGS. 6A to 6E, not only the components included in
cach of the pixels PXL shown in FIG. 5§ but also an area
where the components are provided are referred to as the
pixel PXL. According to an embodiment, each pixel PXL
shown 1n FIGS. 6 A to 6E may be any one of the pixels PXL
included in the display device of FIG. 5, and the pixels PXL
may have substantially the same or similar structure.

Referring to FIGS. 1A to 4B, 5, and 6A to 6E, one pixel

PXL (hereinatter referred to as a “pixel”) may include a light
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emitting unit EMU that generates light having a luminance
corresponding to the data signal. In addition, the pixel PXL
may selectively further include a pixel driving circuit 144
for driving the light emitting unit EMU.

According to an embodiment, the light emitting unit EMU
may include a plurality of light emitting elements LD
connected 1n parallel between a first power line PL1 to
which a voltage of a first driving power VDD 1s applied and
a second power line PL2 to which a voltage of a second
driving power VSS 1s applied. For example, the light emat-
ting unit EMU may include a first electrode EL1 (e.g., a
“first alignment electrode™) connected to the first driving
power VDD via the pixel driving circuit 144 and the first
power line PL1, a second electrode FL2 (e.g., a “second
alignment electrode™) connected to the second driving
power VSS via the second power line PL2, and the plurality
of light emitting elements LD connected 1n parallel in the
same direction between the first and second electrodes EL1
and FL2. In an embodiment of the present disclosure, the
first electrode ELL1 may be an anode electrode, and the
second electrode ELL2 may be a cathode electrode.

In an embodiment of the present disclosure, each of the
light emitting elements LD included in the light emitting
umit EMU may include a first end connected to the first
driving power VDD through the first electrode ELL1 and a
second end connected to the second driving power VSS
through the second electrode EL2. The first driving power
VDD and the second driving power VSS may have different
potentials. For example, the first driving power VDD may be
set as high potential power, and the second drniving power
VSS may be set as low potential power. A potential differ-
ence between the first driving power VDD and the second
driving power VSS may be set as a threshold voltage or
more of the light emitting elements LD during a light
emission period of the pixel PXL.

As described above, the respective light emitting elements
LD, which are connected 1n parallel 1n the same direction
(e.g., a forward direction) between the first electrode EL1

and the second electrode EL.2 to which voltages of ditt

erent
potentials are respectively supplied, may configure respec-
tive effective light sources. Such effective light sources may
be gathered to form the light emitting unit EMU of the pixel
PXL.

The light emitting elements LD of the light emitting unit
EMU may emit light at a luminance corresponding to a
driving current supplied through the corresponding pixel
driving circuit 144. For example, the pixel driving circuit
144 may supply a driving current corresponding to a gray-
scale value of corresponding frame data to the light emitting
umit EMU during each frame period. The driving current
supplied to the light emitting umit EMU may be divided and
flow to the light emitting elements LD connected 1n the same
direction. Therefore, each of the light emitting elements LD
may emit light at a luminance corresponding to the current
flowing through the light emitting element LD, and thus, the
light emitting unit EMU may emit light of the luminance
corresponding to the driving current.

Meanwhile, FIGS. 6A to 6FE show an embodiment in
which the light emitting elements LD are connected 1n the
same direction between the first driving power VDD and the
second driving power VSS, but the present disclosure 1s not
limited thereto. According to an embodiment, the light
emitting unit EMU may further include at least one ineflec-
tive light source in addition to the light emitting elements
LD configuring each eflective light source. For example, at
least a reverse light emitting element LDr may be further
connected between the first and second electrodes ELL1 and
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EL2 of the light emitting unit EMU, as shown 1n FIGS. 6D
and 6E. The reverse light emitting element LDr may be
connected 1n parallel between the first and second electrodes
ELL1 and EL2 together with the light emitting elements LD
configuring the effective light sources and may be connected
between the first and second electrodes ELL1 and ELL2 in a
direction opposite to the light emitting elements LD. The
reverse light emitting element LDr maintains an inactive
state even though a driving voltage (e.g., a driving voltage
in a forward direction) 1s applied between the first and

second electrodes ELL1 and F

EL.2, and thus, a current sub-
stantially does not flow through the reverse light emitting
clement LDr.

The pixel driving circuit 144 may be connected to a scan
line S1 and a data line Dj of a corresponding pixel PXL. For
example, when the pixel PXL 1s disposed in an 1-th (1 1s a
natural number) row and a j-th (3 1s a natural number)
column of the display area DA, the pixel driving circuit 144
of the pixel PXL may be connected to the 1-th scan line Si
and the 1-th data line Dj of the display area DA. According
to an embodiment, the pixel driving circuit 144 may include
first and second transistors 11 and T2 and a storage capacitor
Cst as shown i FIGS. 6A and 6B. However, the pixel
driving circuit 144 1s not limited to the structures shown 1n
FIGS. 6A and 6B.

Referring to FIG. 6A, the pixel driving circuit 144 may
include the first and second transistors T1 and 12 and the
storage capacitor Cst.

A first terminal of the second transistor 12 (e.g., a
switching transistor) may be connected to the data line Dy,
and a second terminal may be connected to a first node N1.
The first terminal and the second terminal of the second
transistor T2 may be different terminals. For example, when
the first terminal 1s a source electrode, the second terminal
may be a drain electrode. In addition, a gate electrode of the
second transistor T2 may be connected to the scan line Si.

The second transistor T2 may be turned on when a scan
signal of a voltage (e.g., a low voltage) at which the second
transistor T2 may be turned on 1s supplied from the scan line
S1 to electrically connect the data line Dj and the first node
N1 to each other. At this time, a data signal of a correspond-
ing frame 1s supplied to the data line Dj, and thus, the data
signal 1s transiferred to the first node N1. The data signal
transferred to the first node N1 1s charged in the storage
capacitor Cst.

A first terminal of the first transistor T1 (e.g., a driving
transistor) may be connected to the first dniving power VDD,
and a second terminal may be electrically connected to the
first electrode ELL1 of each of the light emitting elements LD.
A gate electrode of the first transistor T1 may be connected
to the first node N1. The first transistor T1 controls an
amount of driving current supplied to the light emitting
clements LD corresponding to (e.g., based on) a voltage at
the first node N1.

One electrode of the storage capacitor Cst may be con-
nected to the first driving power VDD, and another electrode
thereof may be connected to the first node N1. The storage
capacitor Cst charges a voltage corresponding to the data
signal supplied to the first node N1 and maintains the
charged voltage until the data signal of a next frame 1is
supplied.

The pixel driving circuit 144 shown 1 FIGS. 6 A and 6B
1s shown including the second transistor T2 for transierring
the data signal into the pixel PXL, the storage capacitor Cst
for storing the data signal, and the first transistor T1 for
supplying the drniving current corresponding to the data
signal to the light emitting elements LD.
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However, the present disclosure 1s not limited thereto, and
the structure of the pixel driving circuit 144 may be vari-
ously modified and implemented. For example, the pixel
driving circuit 144 may further include other circuit ele-
ments, such as a transistor element, such as a transistor
clement for compensating for a threshold voltage of the first
transistor T1, a transistor element for mitializing the first
node N1, and/or a transistor element for controlling a light
emission time of the light emitting element LD, and/or a
boosting capacitor for boosting the voltage of the first node
N1.

In addition, 1n FIG. 6 A, the transistors 1n the pixel driving,
circuit 144, for example, the first and second transistors T1
and T2 are P-type transistors, but the present disclosure 1s
not limited thereto. For example, at least one of the first and
second transistors T1 and T2 included in the pixel driving
circuit 144 may be changed to an N-type transistor.

Next, referring to FIGS. 1A to 4B, 5, and 6B, according
to an embodiment of the present disclosure, the first and
second transistors T1 and T2 may be implemented as N-type
transistors. A configuration or an operation of the pixel
driving circuit 144 shown in FIG. 6B 1s similar to that of the
pixel driving circuit 144 shown in FIG. 6 A except for a
connection position change of some of the components due
to a transistor type change. Therefore, only a brief descrip-
tion thereof will be provided.

In an embodiment of the present disclosure, the pixel
driving circuit 144 shown in FIG. 6B may include the first
and second transistors T1 and T2 as N-type transistors and
the storage capacitor Cst. When the first and second tran-
sistors T1 and T2 are N-type transistors, the light emitting
umit EMU may be connected between the first driving power
VDD and the pixel driving circuit 144 to stabilize the storage
capacitor Cst that charges the voltage corresponding to the
data signal supplied to the first node N1. However, the
present disclosure 1s not limited thereto. According to an
embodiment, the light emitting unit EMU shown in FIG. 6B
may be connected between the pixel driving circuit 144 and
the second driving power VSS. The pixel driving circuit 144
1s not limited to the configuration shown in FIGS. 6 A and
6B. For example, the pixel driving circuit 144 may be
configured as shown 1n FIGS. 6C and 6D.

As shown 1 FIGS. 6C and 6D, the pixel driving circuit
144 may be connected to the scan line S1 and the data line
Dy of the pixel PXL. For example, when the pixel PXL 1s
disposed 1n the 1-th row and the j-th column of the display
area DA, the pixel driving circuit 144 of the pixel PXL may
be connected to the 1-th scan line S1 and the j-th data line Dy
of a corresponding pixel PXL.

In addition, according to an embodiment, the pixel driving
circuit 144 may be further connected to one or more other
(e.g., additional) scan lines. For example, the pixel PXL
disposed in the 1-th row of the display area DA may be
further connected to an (1—-1)-th scan line Si1—1 and/or an
(1+1)-th scan line S1+1. In addition, according to an embodi-
ment, the pixel driving circuit 144 may be further connected
to third power 1n addition to the first driving power VDD and
the second driving power VSS. For example, the pixel
driving circuit 144 may also be connected to 1nitialization
power Vint.

The pixel driving circuit 144 may include first to seventh
transistors T1 to T7 and a storage capacitor Cst.

One electrode, for example, a source electrode, of the first
transistor 11 (e.g., the driving transistor) may be connected
to the first driving power VDD wvia the {ifth transistor T3, and
another electrode, for example, a drain electrode, of the first
transistor 11 may be connected to one side end of the light
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emitting elements LD via the sixth transistor T6. In addition,
a gate electrode of the first transistor T1 may be connected
to the first node N1. The first transistor T1 controls the
driving current tlowing between the first driving power
VDD and the second driving power VSS via the light
emitting elements LD corresponding to the voltage of the
first node N1.

The second transistor 12 (e.g., the switching transistor)
may be connected between the 1-th data line Dy connected to
the pixel PXL and the source electrode of the first transistor
T1. In addition, a gate electrode of the second transistor T2
may be connected to the 1-th scan line Si1 connected to the
pixel PXL. The second transistor T2 may be turned on when
a scan signal having a gate-on voltage (e.g., a low voltage)
1s supplied from the 1-th scan line S1 to electrically connect
the j-th data line Dy to the source electrode of the first
transistor T1. Therefore, when the second transistor T2 1s
turned on, the data signal supplied from the j-th data line Dy
1s transferred to the first transistor T1.

The third transistor T3 may be connected between the
drain electrode of the first transistor T1 and the first node N1.
In addition, a gate electrode of the third transistor T3 may be
connected to the 1-th scan line Si1. The third transistor T3 may
be turned on when the scan signal having the gate-on voltage
1s supplied from the i1-th scan line Si to electrically connect
the drain electrode of the first transistor T1 and the first node
N1 to each other.

The fourth transistor T4 may be connected between the
first node N1 and an imtialization power line IPL to which
the 1mitialization power Vint 1s applied. In addition, a gate
clectrode of the fourth transistor T4 may be connected to a
previous scan line, for example, the (1-1)-th scan line Si1-1.
The fourth transistor T4 may be turned on when the scan
signal having the gate-on voltage 1s supplied to the (1-1)-th
scan line S1—1 to transter a voltage of the imtialization power
Vint to the first node N1. The mitialization power Vint may
have a voltage equal to or less than the lowest voltage of the
data signal (e.g., equal to or less than the lowest data signal
voltage).

The fifth transistor TS may be connected between the first
driving power VDD and the first transistor T1. In addition,
a gate electrode of the fifth transistor TS5 may be connected
to a corresponding emission control line, for example, an
1-th emission control line Ei1. The fitth transistor TS may be
turned off when a light emission control signal having a
gate-oll voltage 1s supplied to the 1-th emission control line
E1 and may be turned on in other instances.

The sixth transistor T6 may be connected between the first
transistor 11 and the one end of the light emitting elements
LD. In addition, a gate electrode of the sixth transistor T6
may be connected to the i1-th emission control line Ei. The
sixth transistor T6 may be turned ofl when the light emission
control signal having the gate-ofl voltage 1s supplied to the
1-th emission control line E1 and may be turned on in other
instances.

The seventh transistor T7 may be connected between the
one end of the light emitting elements LD and the iitial-
1zation power line IPL. In addition, a gate electrode of the
seventh transistor T7 may be connected to any one of next
scan lines, for example, the (1+1)-th scan line Si+1. The
seventh transistor T7 may be turned on when the scan signal
having the gate-on voltage 1s supplied to the (1+1)-th scan
line Si+1 to supply the imitialization power Vint (e.g., to
supply the voltage of the initialization power Vint) to the one
end of the light emitting elements LD.

The storage capacitor Cst may be connected between the
first driving power VDD and the first node N1. The storage
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capacitor Cst may store a data signal supplied to the first
node N1 and a voltage corresponding to the threshold
voltage of the first transistor T1 during each frame period.

In FIGS. 6C and 6D, the transistors included 1n the pixel
driving circuit 144, for example, the first to seventh tran-
sistors T1 to T7, are P-type transistors, but the present
disclosure 1s not limited thereto. For example, at least one of
the first to seventh transistors T1 to 17 may be changed to
an N-type transistor.

In an embodiment of the present disclosure, the pixel
driving circuit 144 1s not limited to the configuration shown
in FIGS. 6 A to 6D. For example, the pixel driving circuit 144
may be configured as in the embodiment shown in FIG. 6E.

The pixel driving circuit 144 may be further connected to
a control line CL1 and a sensing line SENj as shown in FIG.
6E. For example, the pixel driving circuit 144 of the pixel
PXL disposed in the 1-th row and the j-th column of the
display area DA may be connected to an 1-th control line ClLa
and a j-th sensing line SENj of the display area DA. The

above-described pixel driving circuit 144 may further
include a third transistor 13 in addition to the first and
second transistors 11 and T2 (see, e.g., FIGS. 6A and 6B).

The third transistor T3 1s connected between the first
transistor 11 and the sensing line SENj. For example, one
clectrode of the third transistor T3 may be connected to the
one terminal (e.g., the source electrode) of the first transistor
11 connected to the first electrode FIL.1, and another elec-
trode of the third transistor T3 may be connected to the
sensing line SENj. According to an embodiment, the gate
clectrode of the third transistor T3 1s connected to the control
line CLi. The third transistor T3 may be turned on by a
control signal having a gate-on voltage (e.g., a high level)
supplied to the control line CL1 during a sensing period (e.g.,
a predetermined sensing period) to electrically connect the
sensing line SENj and the first transistor T1 to each other.

According to an embodiment, a sensing period may be a
period for extracting characteristic information (e.g., the
threshold voltage or the like of the first transistor 1T1) of each
of the pixels PXL disposed 1n the display area DA. During
the above-described sensing period, the first transistor 11
may be turned on by supplying a reference voltage (e.g., a
predetermined reference voltage) at which the first transistor
T1 may be turned on 1s supplied to the first node N1 through
the data line Dy and the second transistor T2, or by con-
necting each pixel PXL to a current source or the like. In
addition, the first transistor T1 may be connected to the
sensing line SENj by supplying the control signal having the
gate-on voltage to the third transistor 13 to turn on the third
transistor T3. Therefore, the characteristic information of
cach pixel PXL, including the threshold voltage or the like
of the first transistor 11, may be extracted through the
sensing line SENj described above. The extracted charac-
teristic information may be used to convert image data so
that a characteristic deviation between the pixels PXL may
be compensated.

While FIG. 6E discloses an embodiment 1n which all of
the first to third transistors T1 to T3 are N-type transistors,
but the present disclosure 1s not limited thereto. For
example, at least one of the above-described first to third
transistors 11 to T3 may be changed to a P-type transistor.
In addition, FIG. 6F discloses an embodiment in which the
light emitting unit EMU 1s connected between the pixel
driving circuit 144 and the second driving power VSS, but
the light emitting unit EMU may be connected between the
first driving power VDD and the pixel driving circuit 144.

In addition, FIGS. 6 A to 6E show embodiments in which

all of the light emitting elements LD configuring (or form-
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ing) each light emitting unit EMU are connected 1n parallel,
but the present disclosure 1s not limited thereto. According
to an embodiment, the light emitting umit EMU may be
configured to include at least one series stage including a
plurality of light emitting elements LD connected to each
other 1n parallel. For example, the light emitting unit EMU
may be configured in a serial/parallel mixed structure. This
will be described in more detail below with reference to
FIGS. 7A and 7B.

The pixel PXL according to present disclosure 1s not
limited to the embodiments shown in FIGS. 6A to 6E, and
the pixel PXL may have various other suitable structures. In
addition, 1n another embodiment of the present disclosure,
cach pixel PXL may be part of (e.g., configured inside) a
passive light emitting display device or the like. In such an
embodiment, the pixel driving circuit 144 may be omitted,
and each of the ends of the light emitting elements LD
included 1n the light emitting unit EMU may be directly
connected to the scan lines Si1-1, S1, and Si1+1, the data line
Dj, the first power line PL1 to which the first driving power
VDD 1s applied, the second power line PL2 to which the
second driving power VSS 1s applied, a control line (e.g., a
predetermined control line), and/or the like.

FIGS. 7A and 7B are circuit diagrams 1illustrating the
clectrical connection relation of components included in one
pixel PXL shown in FIG. S according to other embodiments.
In FIGS. 7A and 7B, the light emitting unit EMU of each
pixel PXL may include a plurality of serial terminals which
are continuously connected to each other. In describing the
embodiments shown 1n FIGS. 7A and 7B, 1n order to avoid
repetitive description, detailed description of the same or
substantially similar configurations to that of the embodi-
ments shown i FIGS. 6A to 6E, for example, the pixel
driving circuit 144, will be omuatted.

First, referring to FIG. 7A, the light emitting umt EMU
may 1nclude a plurality of light emitting elements connected
to each other in series. For example, the light emitting unit
EMU may include a first light emitting element LD1, a
second light emitting element LLD2, a third light emitting
clement L.D3, and a fourth light emitting element LD4
connected 1n series 1n a forward direction between the first
driving power VDD and the second driving power VSS to
configure an eflective light source. In the following embodi-
ment, at least one random light emitting element from
among the first to fourth light emitting elements LD1 to LD4
or collectively the first to fourth light emitting elements LD1
to LD4 may be referred to as the light emitting element LD
or the light emitting elements LD.

One end (e.g., the second semiconductor layer) of the first
light emitting element LD1 may be connected to the first
driving power VDD through the first electrode EL1, and
another end (e.g., the first semiconductor layer) of the first
light emitting element L.ID1 may be connected to one end
(e.g., the second semiconductor layer) of the second light
emitting element LD2 through a first intermediate electrode
CTE1 connected between first and second series stages.

The one end (e.g., the second semiconductor layer) of the
second light emitting element L.D2 may be connected to the
first intermediate electrode CTE1, and another end (e.g., the
first semiconductor layer) of the second light emitting ele-
ment LD2 may be connected to one end (e.g., the second
semiconductor layer) of the third light emitting element .13
through a second intermediate electrode CTE2 connected
between second and third series stages.

The one end of the third light emitting element LD3 may
be connected to the second intermediate electrode CTE?2,
and another end (e.g., the first semiconductor layer) of the
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third light emitting element L.ID3 may be connected to one
end (e.g., the second semiconductor layer) of the fourth light
emitting element .D4 through a third intermediate electrode
CTE3 connected between third and fourth series stages.

The one end of the fourth light emitting element D4 may
be connected to the third intermediate electrode CTE3, and
another end (e.g., the first semiconductor layer) of the fourth
light emitting element LD4 may be connected to the second
driving power VSS through the second electrode EL2.

As described above, the first to fourth light emitting
clements LD1 to LD4 may be connected 1n series between
the first and second electrodes ELL1 and EL2 of the light
emitting unit EMU of the pixel PXL.

In an embodiment in which the light emitting unit EMU
has a structure in which the light emitting elements LD are
connected 1n series, a voltage applied between the first and
second electrodes ELL1 and ELL2 may increase and a mag-
nitude of the driving current flowing through the light
emitting umit EMU may decrease compared to a light
emitting unit EMU having a structure in which the light
emitting elements LD are connected in parallel. Therefore,
when the light emitting unit EMU of each pixel PXL 1s
configured 1n a serial structure, power consumption of the
display device may be reduced.

According to an embodiment, at least one series stage
may be provided 1 a form including a plurality of light
emitting elements LD connected 1n parallel to each other.
The light emitting unmit EMU of each pixel PXL may be
configured 1n a series/parallel mixed structure. For example,
the light emitting unit EMU may be configured as shown in
FIG. 7B.

Next, referring to FIG. 7B, the light emitting unit EMU of
the pixel PXL may include a plurality of series stages
sequentially connected between the first and second driving
power VDD and VSS. In addition, each series stage may
include one or more light emitting elements LD connected
in a forward direction between two electrodes configuring an
clectrode pair of a corresponding series stage. For example,
the light emitting unit EMU may include first to third series
stages SET1 to SE'T3 sequentially connected between the
first and second driving power sources VDD and VSS. Each
of the first to third series stages SET1 to SET3 includes two
electrodes ELL1 and Fl.2a, ELL256 and Fl.3a, and FL.36 and
EL4 configuring an electrode pair of a corresponding series
stage, and a plurality of light emitting elements LD con-
nected in parallel 1n the forward direction, for example, in
the same direction, between each of the two electrodes EL1
and FL.2a, EL.2b and FL.3a, and EL35 and EL4.

The first series stage SET1 may include the first electrode
EL1 and the 2a-th electrode EL2a from among the electrode
pairs ELL1 and EL2a, EL.2b and EL3a, and EL3b and ELA4,
which form the electrode pairs included 1n the light emitting,
umit EMU and may include at least one first light emitting
clement LD1 connected between the first electrode ELL1 and
the 2a-th electrode EL2a. For example, the first series stage
SE'T1 may include the first electrode ELL1 connected to the
first driving power VDD via the pixel driving circuit 144, the
2a-th electrode EL2a connected to the second driving power
VSS, and a plurality of first light emitting elements LD1
connected between the first electrode ELL1 and the 2a-th
clectrode FL2a. One end (e.g., the second semiconductor
layer) of each first light emitting element LLD1 1s electrically
connected to the first electrode ELL1 of the first series stage
SE'T1, and another end (e.g., the first semiconductor layer)
thereof 1S electrlcally connected to the 2a-th electrode EL2a
of the first series stage SET1. The first light emitting
clements LD1 may be connected in parallel between the first
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clectrode ELL1 and the 2a-th electrode EL2a of the first series
stage SE'T1 and may be connected in the same direction
(e.g., the forward direction) between the first electrode EL1
and the 2a-th electrode EL2a.

According to an embodiment, at least one reverse light
emitting element (see, e.g., LDr 1n FIG. 6E) may be further
connected to the first series stage SET1. The reverse light
emitting element LDr may be connected 1n parallel between
the first electrode ELL1 and the 2a-th electrode El.2a together
with the first light emitting elements LLD1 configuring etlec-
tive light sources and may be connected between the first
clectrode ELL1 and the 2a-th electrode EL2a in a direction
opposite to that of the first light emitting elements LDD1. The
reverse light emitting element LDr maintains an inactive
state even though a driving voltage (e.g., a driving voltage
in a forward direction) 1s applied between the first and
electrodes ELL1 and EL2a. Therefore, a current does not flow
or substantially flow through the reverse light emitting
clement LDr.

The second series stage SET2 may include the 2b-th
clectrode EL2b and the 3a-th electrode EL3a from among
the electrode pairs ELL1 and ElL2aq, EL2b and EL3a, and

EL356 and EL4, which form the electrode pairs included 1n
the light emitting unit

EMU and may include at least one
second light emitting element LD2 connected between the

2b6-th electrode EL26 and the 3a-th electrode FEl.3a. For

example, the second series stage SE'T2 may include the

2b-th electrode EL2b connected to the first driving power

VDD wvia the first series stage SET1, the 3a-th electrode
EL.3a connected to the second driving power VSS, and a
plurality of second light emitting elements L.D2 connected
between the 2b6-th electrode EL2b and the 3a-th electrode

ELL.3a. One end (e.g., the second semiconductor layer) of
cach second light emitting element LD2 1s electrically
connected to the 2b-th electrode EL2b of the second series
stage SE'T2, and another end (e.g., the first semiconductor
layer) thereof 1s electrically connected to the 3a-th electrode
ELL.3a of the second series stage SET2. The second light
emitting eclements D2 may be connected in parallel
between the 2b6-th electrode EL2b and the 3a-th electrode

EL.3a of the second series stage SE'T2 and may be connected

in the same direction (e.g., the forward direction) between

the first and second driving power VDD and VSS through
the 2b-th electrode EL2b and the 3a-th electrode EL3a.

According to an embodiment, at least one reverse light
emitting element (see, e.g., LDr 1n FIG. 6E) may be further
connected between the 2b6-th electrode EL2b and the 3a-th
clectrode EL3a. The reverse light emitting element LDr may
be connected in parallel between the 2b6-th electrode EL25b
and the 3a-th electrode EL3a together with the second light
emitting elements LD2 configuring eflective light sources
and may be connected between the 25-th electrode EL2b and
the 3a-th electrode EL.3a 1n a direction opposite to that of the
second light emitting elements LD?2.

In an embodiment of the present disclosure, the 2a-th
clectrode EL2a of the first series stage SET1 and the 25-th
clectrode EL2b of the second series stage SE'12 may be
integrally provided and connected to each other. For
example, the 2a-th electrode EL2a of the first series stage
SET1 and the 2b6-th electrode EL2b of the second series
stage SE'12 may configure the second electrode EL2 elec-
trically connecting the first series stage SET1 and the second
series stage SET12 to each other. As described above, when
the 2a-th electrode EL2a of the first series stage SET1 and

the 2b-th electrode EL2b of the second series stage SET2 are
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integrally provided, the 2a-th electrode EL2a and the 25-th
clectrode EL2b may be different areas (or portions) of the
second electrode EL2.

The third series stage SE'T3 may include the 35-th elec-
trode EL35 and the fourth electrode ELL4 from among the
clectrode pairs ELL1 and FlL.2a, EL2b and FL.3a, and EL35b
and ELL4, which form the electrode pairs included 1n the light
emitting unit EMU and may include at least one third light
emitting element LD3 connected between the 3b-th elec-
trode EL3b and the fourth electrode EL4. For example, the
third series stage SE'T3 may include the 3bH-th electrode
EL3b connected to the first driving power VDD via the pixel
driving circuit 144 and previous series stages, for example,
the first and second series stages SET1 and SET2, the fourth
clectrode FLL4 connected to the second driving power VSS,
and a plurality of third light emitting elements LLD3 con-
nected between the 3b-th electrode EL35 and the fourth
clectrode FLL4. One end (e.g., the second semiconductor
layer) of each third light emitting element LD3 1s electrically
connected to the 3b-th electrode EL3b of the third series
stage SE'T3, and another end (e.g., the first semiconductor
layer) thereof 1s electrically connected to the fourth elec-
trode EL4 of the third series stage SET3. The third light
emitting elements LD3 may be connected in parallel
between the 3b-th electrode EL3b and the fourth electrode
EL4 of the third series stage SE'T3 and may be connected 1n
the same direction (e.g., the forward direction) between the
first and second driving power VDD and VSS through the
3b6-th electrode EL3b and the fourth electrode ELA4.

According to an embodiment, at least one reverse light
emitting element (see, e.g., LDr 1n FIG. 6E) may be further
connected between the 3b-th electrode EL35 and the fourth
clectrode EL4. The reverse light emitting element LDr may
be connected in parallel between the 35-th electrode EL3b
and the fourth electrode ELL4 together with the third light
emitting elements LD3 configuring effective light sources
and may be connected between the 3b-th electrode ELL35 and
the fourth electrode EL4 1n a direction opposite to that of the
third light emitting elements LID3.

In an embodiment of the present disclosure, the 3a-th
clectrode FL3a of the second series stage SET2 and the
3b6-th electrode EL3b of the third series stage SET3 may be
integrally provided and connected to each other. For
example, the 3a-th electrode EL3a of the second series stage
SE'12 and the 35-th electrode ELL3b of the third series stage
SE'T3 may configure a third electrode EL3 electrically
connecting the second series stage SE'T2 and the third series
stage SE'T3 to each other. As described above, when the
3a-th electrode EL3a of the second series stage SE'12 and
the 3b-th electrode EL3b of the third series stage SET3 are
integrally provided, the 3a-th electrode EL3a and the 36-th
clectrode EL3b may be different areas (or portions) of the
third electrode EL3.

In the above-described embodiment, the first electrode
ELL1 of the first series stage SET1 may be the anode
clectrode of the light emitting unit EMU 1n each pixel PXL,
and the fourth electrode of the third series stage SE'T3 may
be the cathode electrode of the light emitting unit EMU.

As described above, the light emitting umit EMU of the
pixel PXL including the light emitting elements LD con-
nected 1n the series/parallel mixed structure may easily
adjust a driving current/voltage condition according to an
applied product specification.

For example, the light emitting unit EMU of the pixel
PXL including the light emitting elements LD connected 1n
the series/parallel mixed structure may reduce the driving

current compared to the light emitting umit EMU having the
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structure in which the light emitting elements LD are
connected 1n parallel (e.g., are connected only 1n parallel). In
addition, the light emitting unit EMU of the pixel PXL
including the light emitting elements LD connected 1n the
series/parallel mixed structure may reduce the driving volt-
age applied to the both ends of the light emitting unit EMU
compared to the light emitting unit EMU having the struc-
ture i which all of the light emitting elements LD are
connected 1n series. In addition, 1n an embodiment 1n which
all of the light emitting elements LD are connected 1n series,
when at least one of the light emitting elements LD con-
nected 1n series 1s not completely connected 1n the forward
direction (e.g., when a reverse light emitting element LDr 1s
included), a path through which the driving current may tlow
in the pixel PXL 1s blocked, thereby causing a dark spot
defect. On the other hand, 1n an embodiment 1in which the
light emitting elements LD are connected in the series/
parallel mixed structure, even though some light emitting
clements LD are not connected 1n the forward direction (e.g.,
when a reverse light emitting element LDr 1s included) or a
defect occurs 1n some light emitting elements LD 1n each
series stage, the driving current may flow through another
light emitting element LD of a corresponding series stage.
Accordingly, a defect 1n the pixel PXL (e.g., a defect caused
by a misaligned or reversed light emitting element) may be
prevented or reduced.

FIG. 8 1s a plan view schematically illustrating one of the
pixels PXL shown 1n FIG. 5, FIG. 9 1s a cross-sectional view
taken along the line I-I' of FIG. 8, and FIG. 10 1s an enlarged
cross-sectional view of the portion EA1 of FIG. 9.

One pixel PXL shown in FIG. 8 may be any one of the
pixels PXL shown 1n each of FIGS. 6A to 6E, 7A, and 7B.
For example, the one pixel PXL shown in FIG. 8 may be the
pixel PXL shown in FIG. 6A.

In FIG. 8, for ease of description, the transistor connected
to the light emitting elements and the signal lines connected
to the transistor are omitted from the drawing.

FIGS. 8 to 10 show a simplified (or schematic) structure
of the one pixel PXL. For example, each eclectrode 1is
illustrated as a single electrode layer and each insulating
layer 1s 1llustrated as a single insulating layer, but the present
disclosure 1s limited thereto.

As used herein, “formed and/or provided in the same
layer” may refer to a plurality of layers, elements, and/or
components formed in (or during) the same process, and
“formed and/or provided 1n different layers” may refer to a
plurality of layers, elements, and/or components formed in
(or during) different processes.

Referring to FIGS. 1A to 5, 6A, and 8 to 10, the display
device according to an embodiment of the present disclosure
may include the substrate SUB, the line portion, and the
plurality of pixels PXL.

The substrate SUB may include a transparent insulating,
material and may transmit light. The substrate SUB may be
a rigid substrate or a flexible substrate.

For example, the rigid substrate may be one of a glass
substrate, a quartz substrate, a glass ceramic substrate, and
a crystalline glass substrate.

The flexible substrate may be one of a film substrate and
a plastic substrate including a polymer organic material. For
example, the tlexible substrate may include at least one of
polystyrene, polyvinyl alcohol, polymethyl methacrylate,
polyethersulione, polyacrylate, polyetherimide, polyethyl-
ene naphthalate, polyethylene terephthalate, polyphenylene
sulfide, polyarylate, polyimide, polycarbonate, triacetate
cellulose, and cellulose acetate propionate.
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However, the material configuration of the substrate SUB
may be variously changed and may include fiber reinforced
plastic (FRP) or the like. The substrate SUB (e.g., the
maternial forming the substrate SUB) may preferably have
resistance (e.g., heat resistance) to a high process tempera-
ture experienced during a manufacturing process of the
display device.

The substrate SUB may have the display area DA, includ-
ing a plurality of pixel areas PXA 1n which the pixels PXL
are respectively disposed, and the non-display area NDA
disposed around the display area DA.

The pixels PXL may be arranged 1n a matrix form and/or
a stripe form along a plurality of pixel rows extended 1n a
first direction DR1 and a plurality of pixel columns extended
in a second direction DR2 crossing the first direction DR1 1n
the display area DA on the substrate SUB, but the present
disclosure 1s not limited thereto. According to an embodi-
ment, the pixels PXL may be provided 1n the display area
DA on the substrate SUB 1n various suitable arrangement
forms.

The pixel area PXA 1 which each pixel PXL 1s disposed
may include a light emission area 1in which light 1s emitted
and a peripheral area surrounding a periphery of the light
emission area. In an embodiment of the present disclosure,
the peripheral area may include a non-light emission area in
which light 1s not emitted.

In the pixel area PXA, a pixel circuit portion PCL
provided on the substrate SUB and including the pixel
driving circuit 144 and a display element portion DPL
including a plurality of light emitting elements LD may be
disposed.

For convemence, the pixel circuit portion PCL will be

described first described, and then the display element
portion DPL will be described.
The pixel circuit portion PCL may include a bufler film
BFL, the pixel driving circuit 144 provided on the buller
film BFL, and a passivation film PSV provided on the pixel
driving circuit 144.

The buffer film BFL may prevent (or substantially pre-
vent) an impurity from diffusing into a transistor T. The
buffer film BFL may be provided as a single film but, in
other embodiments, may be provided as a plurality of films
(or layers). When the bufler film BFL 1s provided as the
plurality of films, each layer may be formed of the same
material or different materials. The bufler film BFL may be
omitted according to the material, a process condition, and
the like of the substrate SUB.

The pixel driving circuit 144 may include a transistor T,
a storage capacitor Cst, and a driving voltage line DVL. In
FIG. 9, for convenience of illustration, only one transistor T
(e.g., the first transistor or the driving transistor T1) 1s shown
in the pixel driving circuit 144. That i1s, the transistor T
shown 1n FI1G. 9 may have the same configuration as the first
transistor T1 described with reference to FIG. 6A.

The transistor T may include a transistor semiconductor
pattern SCL, a gate electrode GE, a first terminal SE, and a
second terminal DE. The first terminal SE may be any one
of a source electrode and a drain electrode, and the second
terminal DE may be the other one of the source electrode
and the drain electrode. For example, when the first terminal
SE 1s the source electrode, the second terminal DE may be
the drain electrode.

The transistor semiconductor pattern SCL may be pro-
vided and/or formed on the bufler film BFL. The transistor
semiconductor pattern SCL may include a first contact
region that contacts the first terminal SE and a second
contact region that contacts the second terminal DE. A
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region between the first contact region and the second
contact region may be a channel region. The transistor
semiconductor pattern SCL may be a semiconductor pattern
formed of polysilicon, amorphous silicon, an oxide semi-
conductor, or the like. The channel region may be a semi-
conductor pattern which 1s not doped with an impurity and
may be an intrinsic semiconductor. The first contact region
and the second contact region may be a semiconductor
pattern doped with an impurity.

The gate electrode GE may be provided and/or formed on
the transistor semiconductor pattern SCL with a gate insu-
lating film GI interposed therebetween.

The gate insulating film GI may be an 1norganic msulating,
film including an morganic matenal. For example, the gate
insulating film GI may include at least one metal oxide, such
as silicon nmitride (SiN_), silicon oxide (S10), silicon oxyni-
tride (S1ON), and aluminum oxide (AlO_ ). However, the
material of the gate insulating film GI 1s not limited to the
above-described embodiments. According to an embodi-
ment, the gate insulating film GI may be formed of an
organic insulating film including an organic material. The
gate msulating film GI may be provided as a single film or
may be provided as a plurality of films (e.g., as a plurality
of layers).

The first terminal SE and the second terminal DE may
respectively contact the first contact region and the second
contact region of the transistor semiconductor pattern SCL
through contact openings (e.g., contact holes) passing
through a first iterlayer insulating film ILD1 and the gate
insulating film GI. For example, the first terminal SE may
contact one of the first and second contact regions of the
transistor semiconductor pattern SCL, and the second ter-
minal DE may contact the other contact region of the first
and second contact regions of the transistor semiconductor
pattern SCL. In some embodiments, the first interlayer
insulating film ILD1 may be an inorganic insulating film
including an morganic material. For example, the first inter-
layer mnsulating film ILD1 may include at least one metal
oxide, such as silicon oxide (S10,), silicon nitride (S1N),
silicon oxynitride (S1ON), and aluminum oxide (AlO_). The
first interlayer insulating film ILD1 may be formed as a
single film or may include a plurality of films. According to
an embodiment, the first interlayer insulating film ILD1 may
include an organic insulating film including an organic
material.

In the above-described embodiment, the first and second
terminals SE and DE of the transistor T are described as
separate electrodes which are electrically connected to the
transistor semiconductor pattern SCL through the contact
openings passing through the gate isulating film GI and the
first interlayer insulating film ILD1, but the present disclo-
sure 1s not limited thereto. According to an embodiment, the
first terminal SE of the transistor T may be one of first and
second contact regions adjacent to the channel region of the
transistor semiconductor pattern SCL, and the second ter-
minal DE of the transistor T may be the other one of the first
and second contact regions of the transistor semiconductor
pattern SCL. The second terminal DE of the transistor T may
be electrically connected to the light emitting elements LD
of a corresponding pixel PXL through a bridge electrode or
a contact electrode.

In an embodiment of the present disclosure, the first
terminal SE may be connected to a first conductive line CLL1
provided and/or formed on a second interlayer insulating,
f1lm IL.D2, and the second terminal DE may be connected to
a second conductive line CL2 provided and/or formed on the

[ 1
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may have a double layer structure connected to the first
conductive line CL1 to reduce a line resistance and reduce
or mimmmize distortion due to signal delay. The second
terminal DE may have a double layer structure connected to
the second conductive line CL2 to reduce a line resistance
and reduce or minimize distortion due to signal delay. The
second interlayer insulating film ILID2 may include the same
material as the first interlayer mnsulating film ILD1. For
example, the second interlayer insulating film ILD2 may
include (or may be formed of) an inorganic insulating film
including an inorganic material.

In an embodiment of the present disclosure, the second
conductive line CL2 may act as a bridge connecting the
transistor T and some components of the display element
portion DPL. For example, the second conductive line CL2
may act as a bridge connecting the second terminal DE of
the transistor T and the first electrode ELL1 of the display
clement portion DPL.

In an embodiment of the present disclosure, the transistor
T may be configured as a low-temperature polycrystalline
silicon (LTPS) thin film transistor, but the present disclosure
1s not limited thereto, and in other embodiments, the tran-
sistor T may be an oxide semiconductor thin film transistor.
In addition, an embodiment in which the transistor T 1s a thin
film transistor of a top gate structure has been described as
an example, but the present disclosure 1s not limited thereto.
According to another embodiment, the transistor T may be
a thin film transistor having a bottom gate structure.

The drniving voltage line DVL may be provided and/or
formed on the second interlayer msulating film ILD2. The
driving voltage line DVL may be the second power line PL2
to which the second driving power VSS 1s applied, described
above with reference to FIG. 6A. The driving voltage line
DVL may be provided on the same layer as the first and
second conductive lines CLL1 and CL2, but the present
disclosure 1s not limited thereto. According to an embodi-
ment, the driving voltage line DVL may be provided and/or
formed on one of the msulating films included 1n the pixel
circuit portion PCL and may be provided on a layer different
from that of the first and second conductive lines CLL1 and
CL2.

The first and second conductive lines CL1 and CL2 and
the driving voltage line DVL may be formed as a single film
selected from molybdenum (Mo), tungsten (W), aluminum
neodymium (AINd), titammum (11), aluminum (Al), silver
(Ag), and an alloy thereof alone or a mixture thereof, or
having a double film or multiple film structure of molybde-
num (Mo), aluminum (Al), or silver (Ag) that 1s a low
resistance material to reduce a line resistance.

The passivation film PSV may be disposed on the first and
second conductive lines CLL1 and CL2 and the driving
voltage line DVL.

The passivation film PSV may include an organic insu-
lating film, an 1norganic insulating film, or an organic
insulating film disposed on an morganic msulating film. The
inorganic insulating film may include at least one metal
oxide, such as silicon oxide (S10,), silicon nitride (SiN_),
s1licon oxynitride (S1ON), and aluminum oxide (AlQO,). The
organic insulating film may include an organic insulating
material capable of transmitting light. The organic insulating
f1lm may include at least one of an acrylic resin, an epoxy
resin, a phenolic resin, a polyamide resin, a polyimide resin,
an unsaturated polyester resin, a poly-phenylene ethers
resin, a poly-phenylene sulfides resin, and a benzocy-

clobutene resin.
Next, the display element portion DPL of each pixel PXL
will be described.
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The display element portion DPL may include first and
second 1msulating films INS1 and INS2, a bank (e.g., a bank
layer) BNK, first and second connection lines CNL1 and
CNL?2, the first and second electrodes ELL1 and EL2, the light
emitting c¢lements LD, and the first and second contact
clectrodes CNE1 and CNE2.

The first 1nsulating film INS1 may be provided and/or
formed on the passivation {ilm PSV. The first insulating film
INS1 may include an inorganic msulating film formed of an
inorganic material or an organic insulating film formed of an
organic material. According to an embodiment, the {first
insulating film INS1 may include an organic msulating film
as a single film (e.g., as a single layer insulating film) and/or
an 1organic insulating film as a single film, but the present
disclosure 1s not limited thereto. According to an embodi-
ment, the first insulating film INS1 may be provided as a
plurality of films 1n which at least one organic insulating film
and at least one 1inorganic insulating film are stacked.
However, a material and a configuration of the first insulat-
ing {ilm INS1 are not limited to the above-described
embodiments, and according to an embodiment, the first
insulating film INS1 may include a conductive material.

The first insulating film INS1 may have an opening OPN
exposing a portion of the passivation film PSV. The opening
OPN may be formed by removing a portion of the first
insulating film INS1 that does not overlap some components
included 1n the pixel circuit portion PCL. The opening OPN
may be formed by removing one region (or portion) of the
first insulating films INS1 spaced apart {from 1n a horizontal
direction (e.g., that does not overlap) the transistor T and the
driving voltage line DVL included in the pixel circuit
portion PCL 1n a cross-sectional view. In an embodiment of
the present disclosure, the opening OPN 1n the first mnsulat-
ing film INS1 does not overlap the transistor T and the
driving voltage line DVL.

The light emitting elements LD may be disposed in the
opening OPN 1n the first msulating film INS1. The first
insulating film INS1 may be a support member supporting
cach of the first and second electrodes ELL1 and EL2 to
change (e.g., to control) a surface profile of each of the first
and second electrodes ELL1 and EL2 so that the light emitted
from the light emitting elements LD progresses 1n (e.g., 1s
reflected to progress 1n) the image display direction of the
display device.

When viewed 1n the cross section, both side surfaces of
the first msulating film INS1 with the opening OPN inter-
posed therebetween (e.g., side surfaces of the first insulating,
f1lm INS1 at or adjacent the opening OPN therein) may have
a diagonal shape with a slope (e.g., with a predetermined
slope), but the present disclosure 1s not limited thereto.
According to an embodiment, the both side surfaces of the
first msulating film INS1 with the opening OPN interposed
therebetween may have a curved shape with a curvature
(e.g., a predetermined curvature). When viewed 1n the cross
section, the shape of both side surfaces of the first insulating
film INS1 with the opening OPN 1nterposed therebetween 1s
not limited to the above-described shapes and may be
variously changed within a range of improving etliciency of
the light emitted from each of the light emitting elements
LD.

According to an embodiment, a via layer may be provided
and/or formed between the passivation film PSV and the first
insulating film INS1. The via layer may planarize between
the passivation film PSV and the first insulating film INS1
(e.g., may planarize the passivation film PSV under the first
insulating film INS1) and may further block an influence to
alignment and/or driving of the light emitting elements LD
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by an electric field induced from components included 1n the
pixel driving circuit 144, for example, the transistor T or the

like.

The bank BNK may surround (e.g., may extend around)
at least one side of the peripheral area of each pixel PXL.
The bank BNK may be a structure that defines (or partitions)
cach pixel PXL and the light emission area of the pixels PXL
adjacent thereto, and may be, for example, a pixel defining

film. The bank BNK may be configured to include at least

one light blocking material and/or a retlective material to
prevent (or substantially prevent) a light leakage defect in
which light (or a light ray) leaks between each pixel PXL
and the pixels PXL adjacent thereto. According to an
embodiment, a retlective material layer may be formed on
the bank BNK to further improve efliciency of the light

emitted from (e.g., to improve the light emission efliciency
ol) each pixel PXL. The bank BNK may be formed and/or

provided on the first insulating film INS1.

The first connection line CNL1 may extend (e.g., may
primarily extend) in the first direction DR1 (e.g., the hori-
zontal direction) of each of the pixels PXL. The first
connection line CNL1 may be provided and/or formed only
in each pixel PXL (e.g., a first connection line CNL1 may be
separately formed in each pixel PXL) to drive each pixel
PXL independently or separately from adjacent pixels PXL
and may be electrically and/or physically separated from the
first connection line CNL1 provided and/or formed 1n each
of the adjacent pixels PXL. The first connection line CNL1
may be connected to the first electrode ELL1 in the corre-
sponding pixel PXL.

The second connection line CNL2 may extend (e.g., may
primarily extend) in a direction parallel to the extension
direction of the first connection line CNL1. For example, the
second connection line CNL2 may extend in the first direc-
tion DR1. The second connection line CNL2 may be pro-
vided commonly to each pixel PXL and the pixels PXL
adjacent thereto (e.g., the second connection line CNL2 may
extend between a plurality of the pixels PXL). Accordingly,
the plurality of pixels PXL disposed in the same pixel row
along the first direction DR1 may be commonly connected
to the second connection line CNL2. The second connection
line CNL2 provided in each pixel PXL may be electrically
connected to some components, for example, the driving
voltage line DVL, included 1n the pixel circuit portion PCL
of a corresponding pixel PXL through a second contact
opening (e.g., a second contact hole) CH2 passing through
the passivation film PSV. Accordingly, the second driving
power VSS applied to the driving voltage line DVL may be
transierred to the second connection line CNL2.

Each of the first and second electrodes ELL1 and EL.2 may
be provided 1n the pixel area PXA of each pixel PXL and
may extend (e.g., may primarily extend) in one direction, for
example, the second direction DR2. The first electrode EL1
and the second electrode EL2 may be provided on the same
surface and may be spaced apart from each other.

The first electrode ELL1 may be branched from the first
connection line CNL1 in the second direction DR2. The first
clectrode ELL1 and the first connection line CNL1 may be
integrally provided (e.g., integrally formed) and may be
connected to each other. In such an embodiment, the first
connection lmme CNL1 may be one region of the first
clectrode EL1 or the first electrode ELL1 may be one region
of the first connection line CNL1. However, the present
disclosure 1s not limited thereto, and according to an
embodiment, the first electrode FL.1 and the first connection
line CNL1 may be formed separately from each other and,
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thus, may be electrically connected to each other through a
contact opening (or contact hole), a connection device, and
the like.

The second electrode EL2 may be branched from the
second connection line CNL2 1n the second direction DR2.
The second electrode EL2 and the second connection line
CNL2 may be integrally provided (e.g., may be integrally
formed) and may be connected to each other. In such an
embodiment, the second connection line CNL2 may be one
region of the second electrode EL2 or the second electrode
EL2 may be one region of the second connection line CNL2.
However, the present disclosure 1s not limited thereto, and
according to an embodiment, the second electrode EL2 and
the second connection line CNL2 may be formed separately
from each other and, thus, may be electrically connected to
cach other through a contact opening (or contact hole), a
connection device, and the like, which are not shown.

The first electrode ELL1 and the second electrode EL2 may
be disposed on the first insulating film INS1 at a constant (or
substantially constant) distance.

Each of the first and second electrodes ELL1 and EL.2 may
be provided and/or formed on the first insulating film INS1,
and a portion of the first and second electrodes ELL1 and EL.2
may be extended mto the opening OPN and may be provided
on the passivation film PSV. Each of the first and second
clectrodes ELL1 and FL2 may have a surface profile corre-
sponding to a shape of the first insulating film INS1. For
example, each of the first and second electrodes ELL1 and
EL2 may include a flat portion corresponding to the first
msulating film INS1, a flat portion corresponding to the
passivation film PSV exposed by the opening OPN, and
inclined portions respectively corresponding to the both side
surfaces of the first insulating film INS1 with the opening
OPN 1interposed therebetween.

Each of the first and second electrodes ELL1 and EL.2 may
include (or may be formed of) a material having a constant
reflectance such that the light emitted from each of the light
emitting elements LD progresses in the image display direc-
tion of the display device. For example, each of the first and
second electrodes ELL1 and EL2 may include (or may be
formed of) a conductive material having a constant retlec-
tance. The conductive material may include an opaque metal
that reflects the light emitted from the light emitting ele-
ments LD 1n the image display direction of the display
device. The opaque metal may include, for example, a metal,
such as Ag, Mg, Al, Pt, Pd, Au, N1, Nd, Ir, Cr, T1, and an alloy
thereol. According to an embodiment, each of the first and
second electrodes ELL1 and EL2 may include a transparent
conductive material. The transparent conductive material
may 1nclude a conductive oxide, such as an indium tin oxide
(ITO), an indium zinc oxide (I1Z0), a zinc oxide (ZnO), and
an indium tin zinc oxide (ITZ0), a conductive polymer, such
as PEDOT, and the like. When each of the first and second
clectrodes ELL1 and FEL2 includes the transparent conductive
maternal, a separate conductive layer including (or formed
ol) an opaque metal for reflecting the light emitted from the
light emitting elements LD 1n the image display direction of
the display device may be further included. However, the
material of each of the first and second electrodes ELL1 and
EL2 1s not limited to the above-described materials.

In addition, each of the first and second electrodes EL1
and FL.2 may be provided and/or formed as a single film, but
the present disclosure 1s not limited thereto. According to an
embodiment, each of the first and second electrodes ELL1 and
EL2 may be provided and/or formed as a plurality of films
in which a plurality of materials of metals, alloys, conduc-
tive oxides, and conductive polymers are stacked. By form-
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ing each of the first and second electrodes ELL1 and EL2 as
a plurality of films, distortion due to signal delay when a
signal (or voltage) 1s transferred to the both ends of each of
the light emitting elements LD may be reduced or mini-
mized. For example, each of the first and second electrodes
ELL1 and EL2 may include mndium tin oxide (ITO), silver
(Ag), and indium tin oxide (ITO) sequentially stacked.

When the first connection line CNL1 1s provided inte-
grally with the first electrode EL1, the first connection line
CNL1 may include the same material as the first electrode
EL1. In addition, when the second connection line CNL?2 1s
provided integrally with the second electrode EL2, the
second connection line CNL2 may include the same material
as the second electrode EL2.

As described above, because each of the first and second
clectrodes ELL1 and EL2 has the surtace profile correspond-
ing to the shape of the first msulating film INS1 disposed
thereunder, the light emitted from each of the light emitting
clements LD may be reflected by each of the first and second
clectrodes FLL1 and FL2 and may further progress in the
image display direction of the display device. Finally, the
clliciency of the light emitted from (e.g., the light emission
elliciency of) each of the light emitting elements LD may be
turther improved.

Each of the first and second electrodes ELL1 and EL2
functions as a reflective member that induces (e.g., reflects)
the light emitted from the light emitting elements LD 1n a
desired direction to improve light efliciency of the display
device. For example, each of the first and second electrodes
ELL1 and EL2, due 1n part to the shape of the first insulating
film INS1, may act as a reflective member that causes the
light emitted from the light emitting elements LD to prog-
ress 1n the 1mage display direction of the display device to
improve light output efliciency of the light emitting elements
LD.

The first electrode ELL1 may be connected to a portion of
the pixel circuit portion PCL through a first contact opening
(e.g., a first contact hole) CHI1 passing through the first
insulating film INS1 and the passivation film PSV. For
example, the first electrode ELL1 may be connected to the
second conductive line CL2, which 1s connected to the
second terminal DE of the transistor T, through the first
contact opeming CHI1. Therefore, a signal (e.g., a predeter-
mined signal or voltage) applied to the transistor T may be
transferred to the first electrode EL1.

The second electrode ELL2 may be connected to a portion,
for example, the driving voltage line DVL, of the pixel
circuit portion PCL through a second contact opening (e.g.,
a second contact hole) CH2 passing through the first 1nsu-
lating film INS1 and the passivation film PSV. Therefore, a
signal (e.g., the second driving power VSS) applied to the
driving voltage line DVL may be transierred to the second
clectrode EL2.

One of the first electrode ELL1 and the second electrode
EL2 may be an anode electrode, and the other of the first
clectrode ELL1 and the second electrode EL2 may be a
cathode electrode. In an embodiment of the present disclo-
sure, the first electrode ELL1 may be the anode electrode, and
the second electrode ELL2 may be the cathode electrode.

A second insulating film INS2 may be provided and/or
formed on the first and second electrodes ELL1 and EL2. The
second msulating film INS2 may be formed and/or provided
under each of the light emitting elements LD 1n the pixel
area PXA of each pixel PXL. The second insulating film
INS2 may fill a space between the passivation film PSV
exposed by the opening OPN and each light emitting ele-
ment LD to stably support each of the light emitting ele-
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ments LD and prevent (or substantially prevent) the light
emitting elements LD from separating from the passivation
film PSV.

In addition, 1n the pixel area PXA of each pixel PXL, the
second mnsulating film INS2 may expose one region of each
of the first and second electrodes ELL1 and EL2 and cover the
remaining regions except for the one region. For example,
the second insulating film INS2 may 1nclude contact open-
ings (e.g., contact holes) exposing a portion of each of the
first and second electrodes ELL1 and EL2.

The second msulating film INS2 may include an inorganic
insulating film formed of an mnorganic material or an organic
insulating film formed of an organic material. In an embodi-
ment of the present disclosure, the second insulating film
INS2 may include (or may be formed of) an inorganic
insulating film to protect the light emitting elements LD
from the pixel circuit portion PCL of each pixel PXL, but the
present disclosure 1s not limited thereto. According to an
embodiment, the second msulating film INS2 may include
(or may be formed of) an organic msulating film to flatten
(e.g., to planarize) a support surface of the light emitting
clements LD.

Each of the light emitting elements LD may be a micro
light emitting element of, for example, a small size, for
example, on a nano scale to micro scale, using an morganic
crystal structure material. For example, each of the light
emitting elements LD may be a micro light emitting element
manufactured by an etching method or a micro light emitting
clement manufactured by a growth method. However, the
type, size, shape, and the like of the light emitting elements
L.D may be variously changed.

A plurality of (e.g., at least two to tens of) light emitting

clements LD may be aligned and/or provided in the pixel
areca PXA of each pixel PXL, but the number of light
emitting elements LD 1s not limited thereto. According to an
embodiment, the number of light emitting elements LD
aligned and/or provided in the pixel area PXA of each pixel
PXL may be variously changed.
In an embodiment of the present disclosure, each of the
light emitting elements LD may emit any one of color light
and/or white light. Each of the light emitting elements LD
may be aligned between the first electrode EL1 and the
second electrode EL2 such that a length direction L thereof
(see, e.g., FIGS. 1A to 4B) 1s parallel to the first direction
DR1. The light emitting elements L.ID may be provided to the
pixels PXL by being sprayed in a solution to the pixel area
PXA of each pixel PXL.

In an embodiment of the present disclosure, the light
emitting elements LD may be deposited to the pixel area
PXA of each pixel PXL through an inkjet printing method,
a slit coating method, or other various methods. For
example, the light emitting elements LD may be mixed with
a volatile solvent and supplied to the pixel area PXA of each
pixel PXL through an inkjet printing method or a slit coating,
method. Then, an alignment signal (e.g., an alignment
voltage) 1s applied to each of the first and second electrodes
EL1 and EL2 positioned 1n the pixel area PXA of each pixel
PXIL.,, which forms an electric field between the first elec-
trode ELL1 and the second electrode EL2. Therefore, the light
emitting clements LD may be aligned between the first
clectrode ELL1 and the second electrode EL2.

For example, the light emitting elements LD may be
aligned 1n the pixel area PXA of each pixel PXL by applying
an alignment signal (e.g., an alignment voltage) to each of
the first and second electrodes FI.1 and FL.2. Thus, each of
the first and second electrodes ELL1 and FLL2 may act as an
alignment electrode (e.g., an alignment line) for aligning of
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the light emitting elements LD. For example, the first
clectrode ELL1 may be a first alignment electrode (e.g., a first
alignment line) receiving a first alignment signal (e.g., a first
alignment voltage) from the first connection line CNL1, and
the second eclectrode EL2 may be a second alignment
clectrode (e.g., a second alignment line) recerving a second
alignment signal (e.g., a second alignment voltage) from the
second connection line CNL2. The first and second align-
ment signals may have voltage levels that are different from
cach other. The first and second alignment signals may be
signals having a voltage diflerence and/or a phase difference
such that light emitting eclements LD may be aligned
between the first and second electrodes ELL1 and EL2. For
example, the first alignment signal may be a ground voltage
(GND), and the second alignment signal may be an AC
signal, but the present disclosure 1s not limited thereto.
According to an embodiment, both of the first and second
alignment signals may be AC signals.

After the light emitting elements LD are aligned, the light
emitting elements LD may be finally aligned and/or pro-
vided 1n the pixel area PXA of each pixel PXL by volatil-
1zing or removing the solvent by using suitable methods.

After the light emitting elements LD are aligned 1n the
pixel area PXA of each pixel PXL, the first and second
clectrodes ELL1 and FL2 may act as driving electrodes
driving the light emitting elements LD.

When the light emitting elements LD are aligned in the
pixel area PXA of each pixel PXL, the alignment signal
(e.g., an alignment voltage) applied to each of the first and
second electrodes FLL1 and EL.2 may be controlled to form
a magnetic field that relatively biases the light emitting
clements LD supplied to the pixel area PXA.

Each of the light emitting elements LD may include a first
end electrically connected to one electrode from among the
two electrodes (e.g., the first and second electrodes ELL1 and
EL2) that are adjacent to each other 1n the pixel area PXA
of each pixel PXL and a second end electrically connected
to the other electrode from among the two electrodes. In an
embodiment of the present disclosure, the first end of each
light emitting element LD may be the first semiconductor
layer 11 including an n-type semiconductor layer, and the
second end may be the second semiconductor layer 13
including a p-type semiconductor layer. For example, 1n the
pixel area PXA of each pixel PXL, each light emitting
clement LD may be connected in the forward direction
between the two adjacent electrodes with a constant (or
substantially constant) distance. As described above, the
light emitting elements LD connected 1n the forward direc-
tion between the two adjacent electrodes may configure the
ellective light sources of the light emitting umit EMU of each
pixel PXL.

The above-described light emitting elements LLID may be
provided and/or formed on the second 1nsulating film INS2
in the pixel area PXA of each pixel PXL.

Contact electrodes CNE1 and CNE2 may be provided
and/or formed on the second insulating film INS2. The
contact electrodes CNE1 and CNE2 may electrically and
physically connect the first and second electrodes ELL1 and
ELL2 and the light emitting elements LD corresponding
thereto, respectively.

The contact electrodes CNE1 and CNE2 may include a
first contact electrode CNE1 and a second contact electrode
CNE2. The first contact electrode CNE1 may be provided on
the second 1nsulating film INS2 on (or overlapping) the first
clectrode ELL1 and may be connected to the first electrode
EL1 exposed by one of the contact openings 1n the second
isulating film INS2. The second contact electrode CNE2
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may be provided on the second insulating film INS2 on (or
overlapping) the second electrode EL2 and may be con-
nected to the second electrode EL2 exposed by another one

ol the contact openings 1n the second insulating film INS2.

The first and second contact electrodes CNE1 and CNE2
may be configured of (or may include) various transparent
conductive matenals. For example, the first and second
contact electrodes CNE1 and CNE2 may include at least one
transparent conductive material including ITO, IZ0, and
I'TZ0 and may be implemented to be substantially transpar-
ent or translucent to provide a target light transmittance.
However, the material of the first and second contact elec-

trodes CNF1 and CNE2 i1s not limited to the above-de-
scribed materials, and according to an embodiment, the first
and second contact electrodes CNE1 and CNE2 may be

configured of (or may include) various opaque conductive
materials.

The first contact electrode CNE1 and the second contact
clectrode CNE2 may be disposed to be spaced apart from
cach other on the same plane. For example, the first contact
clectrode CEN1 and the second contact electrode CNE2 may
be disposed to be spaced apart from each other on the second
insulating film INS2. The first contact electrode CNE1 and
the second contact electrode CNE2 may be provided on the
same layer and may include the same material. However, the
present disclosure 1s not limited thereto, and according to an
embodiment, the first contact electrode CNE1 and the sec-
ond contact electrode CNE2 may be provided on different
layers and/or may include diflerent materials.

The first contact electrode CNE1 may be provided on the
second isulating film INS2 on the first electrode EL1 to
overlap the first electrode EL1. In addition, the first contact
clectrode CNE1 may be directly provided on (e.g., may
directly contact) the one end of each of the light emitting
clements LD and may overlap the one end of each of the
light emitting elements LD. The first contact electrode
CNE1 may electrically and stably connect the first electrode
EL1 and the one end of each of the light emitting elements
LD to each other.

The second contact electrode CNE2 may be provided on
the second insulating film INS2 on the second electrode EL2
to overlap the second electrode EL2. In addition, the second
contact electrode CNE2 may be directly provided on (e.g.,
may directly contact) the other end of each of the light
emitting elements LD and may overlap the other end of each
of the light emitting elements LD. The second contact
clectrode CNE2 may electrically and stably connect the
second electrode EL2 and the other end of each of the light
emitting elements LD to each other.

The display element portion DPL may include a first
insulating pattern INSP1 directly provided and/or formed on
the first contact electrode CNE1 and a second insulating
pattern INSP2 directly provided and/or formed on the sec-
ond contact electrode CNE2. In an embodiment of the
present disclosure, the first insulating pattern INSP1 and the
second 1nsulating pattern INSP2 may be provided and/or
formed on the same layer, may include the same material,
and may be formed through the same process. In an embodi-
ment of the present disclosure, the first insulating pattern
INSP1 and the second insulating pattern INSP2 may be
spaced apart from each other at a constant (or substantially
constant) distance therebetween. For example, when viewed
on a plane, the first insulating pattern INSP1 and the second
insulating pattern INSP2 may be spaced apart from each

other at a constant (or substantially constant) distance 1n the
first direction DR1.
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The first and second 1nsulating patterns INSP1 and INSP2
may include an organic insulating film, and the first and
second insulating patterns INSP1 and INSP2 may include
the same organic material. For example, the organic insu-
lating film may be at least one of acrylic resin (a polyacrylate
resin), epoxy resin, phenol resin, polyamide resin, polyimide
resin, unsaturated polyester resin, polyphenylene ether resin,
poly-phenylene sulfides resin, and benzocyclobutene resin.

The first msulating pattern INSP1 may overlap the first
contact electrode CNE1 when viewed on the plane. For
example, the first msulating pattern INSP1 may have the
same or substantially the same planar shape as the first
contact electrode CNE1. For example, when the first contact
clectrode CNE1 has a bar shape extending in the second
direction DR2, the first insulating pattern INSP1 provided
thereon may also have a bar shape extending in the second
direction DR2.

The second insulating pattern INSP2 may overlap the
second contact electrode CNE2 when viewed on the plane.
For example, the second insulating pattern INSP2 may have
the same planar shape as the second contact electrode CNE2.
For example, when the second contact electrode CNE2 has
a bar shape extending in the second direction DR2, the
second 1sulating pattern INSP2 provided thereon may also
have a bar shape extending 1n the second direction DR2.

In an embodiment of the present disclosure, the first
insulating pattern INSP1 may be formed by a process using
the same mask as 1s used to form the first contact electrode
CNEI1, and the second insulating pattern INSP2 may be
formed by a process using the same mask as 1s used to form
the second contact electrode CNE2. After sequentially stack-
ing a metal layer and an insulating material layer on the
second isulating film INS2 of the pixel area PXA of each
pixel PXL, the first and second insulating patterns INSP1
and INSP2 may be formed by using a mask, and an etching
process using the first and second nsulating patterns INSP1
and INSP2 as an etching mask may be performed to form the
first contact electrode CNE1 and the second contact elec-
trode CNE2.

The first insulating pattern INSP1 may overlap the first
clectrode EL1 and the one end of each of the light emitting
clements LD, and the second insulating pattern INSP2 may
overlap the second electrode EL2 and the other end of each
of the light emitting elements LD.

The first insulating pattern INSP1 may be provided on the
first contact electrode CNE1 to protect the first contact
clectrode CNE1. In addition, the first insulating pattern
INSP1 may overlap the one end of each of the light emitting
clements LD and may act as a fixing member fixing the light
emitting elements LD together with the first contact elec-
trode CNE1. The second insulating pattern INSP2 may be
provided on the second contact electrode CNE2 to protect
the second contact electrode CNE2. In addition, the second
insulating pattern INSP2 may overlap the other end of each
of the light emitting elements LD and may act as a fixing
member fixing the light emitting elements LD together with
the second contact electrode CNE2.

In an embodiment of the present disclosure, after the
alignment of the light emitting elements LD 1n the pixel area
PXA of each pixel PXL 1s completed, the first insulating
pattern INSP1 may be formed by a process using the same
mask as 1s used to form the first contact electrode CNE1, and
the second isulating pattern INSP2 may be formed by a
process using the same mask as 1s used to form the second
contact electrode CNE2 to stably fix the both ends of each
of the light emitting elements LD. Accordingly, the first and
second insulating patterns INSP1 and INSP2 may prevent
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(or substantially prevent) the light emitting elements LI
from deviating (or moving) from an aligned position.
An encap layer (e.g., an encapsulation layer) ENC may be

provided and/or formed on the first and second insulating
patterns INSP1 and INSP2. The encap layer ENC may be an

inorganic nsulating film including an 1morganic material or
an organic isulating film including an organic material. For
example, the encap layer ENC may have a structure 1n which
at least one 1mnorganic insulating film or at least one organic
insulating film 1s alternately stacked. The encap layer ENC
may entirely cover the display element portion DPL to block
(or substantially block) water or moisture from entering to
the display element portion DPL including the light emaitting,
clements LD.

According to the above-described embodiment, the first
and second contact electrodes CNE1 and CNE2 and the first
and second insulating patterns INSP1 and INSP2 positioned
thereon are utilized as the fixing member to fix the light
emitting elements LLD. Therefore, a separate configuration
(or component) for fixing the light emitting elements LI
may be omitted. For example, the light emitting elements
LD may be fixed by using the first and second contact
clectrodes CNE1 and CNE2 and the first and second 1nsu-
lating patterns INSP1 and INSP2 without a separate con-
figuration provided on an upper surface of the light emitting
clements LD to prevent (or substantially prevent) the light
emitting elements LD from deviating (or moving) from the
aligned position. Accordingly, a process or the like of
manufacturing the above-described separate configuration
(or component) may be omitted. Thus, a manufacturing
process of the display device according to the above-
described embodiment may be simplified.

FIGS. 11A to 11E are schematic plan views sequentially
illustrating a method of manufacturing the pixel shown 1n
FIG. 8, and FIGS. 12A to 12G are schematic cross-sectional
views sequentially illustrating a method of manufacturing,
the pixel shown 1n FIG. 9.

In the following description, the pixel shown 1in FIGS. 8
and 9 1s sequentially described according to the manufac-

turing method by combining FIGS. 11A to 11E and 12A to
12G.

In FIGS. 11A to 11E and 12A to 12G, description will be
given based primarily on differences from the above-de-
scribed embodiment 1n  order to avoid repetitive
description(s). A part, element, or configuration that 1s not
specially described in another embodiment of the present
disclosure follows (e.g., 1s the same or substantially similar
to) the above-described embodiment, and the same reference
numeral refers to the same component, and the similar
reference numeral refers to a similar component.

Referring to FIGS. 1A to 5, 6A, 8 to 11A, and 12A, the
pixel circuit portion PCL 1s formed on the substrate SUB.

The pixel circuit portion PCL may include an insulating
film, the transistor T, the driving voltage line DVL, and the
first and second conductive lines CL1 and CL2. The 1nsu-
lating film may include the bufler film BFL formed on the
substrate SUB, the gate insulating film GI formed on the
bufler film BFL, the first interlayer msulating film I1LD1
formed on the gate insulating film GI, the second interlayer
insulating {ilm ILD2 formed on the first interlayer insulating
film ILD1, and the passivation film PSV formed on the
second 1nterlayer insulating film ILID2. The passivation {ilm
PSV may include the first contact opening CH1 exposing a
portion of the second conductive line CL2 and the second
contact opening CH2 exposing a portion of the driving
voltage line DVL.
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The first msulating film INS1 having the opening OPN
and the first and second contact openings CH1 and CH2 1s
formed on the pixel circuit portion PCL. The first contact
opening CHI1 in the first insulating film INS1 may corre-
spond to the first contact opening CHI1 1n the passivation
film PSV, and the second contact opening CH2 1n the first
insulating film INS1 may correspond to the second contact
opening CH2 1n the passivation film PSV. The first insulat-
ing film INS1 may include an inorganic insulating film
including (or formed of) an morganic material or an organic
insulating film including (or formed of) an organic matenal.

Retferring to FIGS. 1A to 5, 6A, 8 to 10, 11B, 12A, and
12B, the first and second connection lines CNL1 and CNIL.2
including a conductive element (and/or a conductive mate-
rial) having a high reflectance and the first and second

clectrodes ELL1 and EL2 are formed on the first mnsulating
film INSI1.

The first and second connection lines CNL1 and CNL?2
extend in the first direction DR1 and may be commonly
provided to the pixels PXL positioned adjacent each other in
the extension direction. For example, each of the first and
second connection lmmes CNL1 and CNL2 may be com-
monly provided to the pixels PXL positioned 1n the same
pixel row. For example, the pixels PXL positioned 1n the
same pixel row may be commonly connected to each of the
first and second connection lines CNL1 and CNL2.

The first electrode ELL1 may be branched from the first
connection line CNL1 1n the second direction DR2, and the
second electrode EL2 may be branched from the second
connection line CNL2 1n the second direction DR2. The first
clectrode ELL1 and the first connection line CNL1 may be
integrally provided, and the second electrode ELL2 and the
second connection line CNL2 may be integrally provided.

The first electrode ELL1 may be electrically connected to
a portion of the pixel circuit portion PCL, for example, the
second conductive line CL2, through the first contact open-
ing CH1, which passes through the passivation film PSV and
the first mnsulating film INS1. The second electrode EL2 may
be electrically connected to a portion of the pixel circuit
portion PCL, for example, the driving voltage line DVL,
through the second contact opening CH2, which passes
through the passivation film PSV and the first insulating film
INSI1.

Referring to FIGS. 1A to 5, 6A, 8 to 10, and 12A to 12C,
alter forming an insulating material layer on the first and
second electrodes ELL1 and EL2 and the first and second
connection lmes CNL1 and CNL2, the second insulating
film INS2 1s formed from the insulating material layer by
using a mask such that the second msulating film INS2
exposes a portion of each of the first and second electrodes
EL1 and EL2 (e.g., the msulating matenal layer 1s formed
and then patterned by using a mask to form the second
insulating film INS2).

Next, the bank BNK 1s formed on the second insulating
film INS2. The bank BNK may be a pixel defining film
defining (or partitioning) the light emission area of each of
the pixels PXL. The bank BNK may include an inorganic
insulating {ilm including an inorganic material and/or an
organic insulating film including an organic material.

Referring to FIGS. 1A to 5, 6A, 8 to 10, 11C, and 12A to
12D, an electric field 1s formed between the first and second
clectrodes ELL1 and EL2 by applying the alignment signals
(or alignment voltages) corresponding to the respective first
and second electrodes ELL1 and EL2 through the first and
second connection lines CNL1 and CNL2. In some embodi-
ments, the alignment signal applied to the first electrode ELL1
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and the alignment signal applied to the second electrode EL2
may be different from each other.

As described above, when the electric field 1s formed
between the first and second electrodes ELL1 and EL2, the
mixed liquid including the light emitting elements LD 1s
iput (or deposited) to the pixel area PXA of each of the
pixels PXL using the ikjet printing method or the like. For
example, an mkjet nozzle may be disposed on (or over) the
second insulating film INS2, and a solvent in which a
plurality of light emitting elements LD are mixed may be
input to the pixel area PXA of each of the pixels PXL
through the inkjet nozzle. The solvent may be any one or
more of acetone, water, alcohol, and toluene, but the present
disclosure 1s not limited thereto. For example, the solvent
may be 1n a form of an ink or paste. A method of 1nputting
the light emitting elements LD to the pixel area PXA of each
of the pixels PXL 1s not limited to the above-described
method, and the method of inputting the light emitting
clements LD may be variously changed.

The solvent may be removed after the light emitting
clements LD are mput to the pixel area PXA of each of the
pixels PXL.

When the light emitting elements LD are input to the pixel
area PXA of each of the pixels PXL, self-alignment of the
light emitting elements LD may be induced by the electric
field formed between the first electrode ELL1 and the second
clectrode EL2. Accordingly, the light emitting elements LD
may be aligned between the first electrode EL1 and the
second electrode EL2. For example, the light emitting
clements LD may be aligned on the second insulating film
INS2 between the first electrode EL1 and the second elec-
trode EL2 1n the opening OPN 1n the first insulating film
INSI1.

Referring to FIGS. 1A to 5, 6A, 8 to 10, and 11D, a
portion of the first connection line CNL1 1s removed by
performing an etching process or the like using a mask so
that each of the pixels PXL may be driven independently or
separately from the pixels PXL adjacent thereto. Accord-
ingly, the first connection line CNL1 provided to each pixel
PXL may be electrically and/or physically separated from
the first connection line CNL1 provided to the pixels PXL
adjacent thereto.

Referring to FIGS. 1A to 5, 6A, 8 to 10, and 12A to 12E,
a metal layer MTL and an insulating material layer INSM
are sequentially stacked on the light emitting elements LD
and the second 1nsulating film INS2. In some embodiments,
the insulating material layer INSM may be positioned
directly on the metal layer MTL. The metal layer MTL may
be configured of (or may include) a transparent conductive
material, and the isulating material layer INSM may be (or
may include) an organic isulating film including an organic
material.

Referring to FIGS. 1A to 5, 6A, 8 to 10, 11E, 12A to 12F,
and 12G, after a mask 1s disposed on the 1nsulating material
layer INSM, the first and second insulating patterns INSP1
and INSP2 are formed by a process using the mask (e.g., the
insulating matenial layer INSM 1s patterned or etched to
form the first and second insulating patterns INSP1 and
INSP2). Then, an etching process using the first and second
insulating patterns INSP1 and INSP2 1s performed to form
the first contact electrode CNE1 corresponding to the first
insulating pattern INSP1 and the second contact electrode
CNE2 corresponding to the second insulating pattern INSP2
from the metal layer MTL. The etching process may be a wet
etching process.

Because the first and second insulating patterns INSP1
and INSP2 acts as masks to form the first and second contact
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clectrodes CNE1 and CNE2, respectively, the first insulating
pattern INSP1 and the first contact electrode CNE1 posi-
tioned thereunder may have the same planar shape, and the
second 1nsulating pattern INSP2 and the second contact
clectrode CNE2 positioned thereunder may have the same
planar shape.

The first contact electrode CNE1 and the first insulating,
pattern INSP1 positioned thereon may be provided on the
one end of each of the light emitting elements LD positioned
in the opeming OPN, and the second contact electrode CNE2
and the second 1nsulating pattern INSP2 positioned thereon
may be provided on the other end of each of the light
emitting elements LD. Accordingly, the first contact elec-
trode CNF1, the first insulating pattern INSP1 positioned on
the first contact electrode CNE1, the second contact elec-
trode CNE2, and the second insulating pattern INSP2 posi-
tioned on the second contact electrode CNE2 may stably fix
the light emitting elements LD so that the light emitting
clements LD do not deviate from (e.g., do not move from)
the aligned area.

Subsequently, the encap layer ENC 1s formed to cover the
first and second insulating patterns INSP1 and INSP2. The
encap layer ENC may have a structure in which at least one
inorganic film and at least one organic film are alternately
stacked.

FIG. 13 1s a plan view schematically 1llustrating one pixel
according to another embodiment of the present disclosure,
FIG. 14 1s a cross-sectional view taken along a line II-1I' of
FIG. 13, FIG. 15 1s an enlarged cross-sectional view of an
EA2 portion of FIG. 14, and FIG. 16 1s a cross-sectional
view corresponding to the line II-II' of FIG. 13 as an
implementation of the display element portion shown 1n
FIG. 14 according to another embodiment.

In relation to the embodiment of FIGS. 13 to 16, differ-
ences from the above-described embodiment will be primar-
i1ly described 1n order to avoid repetitive description(s). A
part, element, or configuration that is not specially described
in the present disclosure follows the above-described
embodiment, the same reference numeral indicates the same
component, and similar reference numeral indicates a simi-
lar component.

Referring to FIGS. 1A to 5, 6A, and 13 to 16, each pixel

PXL may include the substrate SUB, the pixel circuit portion
PCL, and the display element portion DPL.
The pixel circuit portion PCL may include an insulating
f1lm provided on the substrate SUB, the transistor T, the first
and second conductive lines CLL1 and CL2, the dniving
voltage line DVL, and the passivation film PSV. The tran-
sistor T, the first and second conductive lines CLL1 and CL.2,
and the driving voltage line DVL may be the same or
substantially the same as (e.g., may have the same or
substantially the same configuration as) the transistor T, the
first and second conductive lines CLL1 and CL2, and the
driving voltage line DVL described above with reference to
FIGS. 8 to 12G.

The passivation film PSV may be provided and/or formed
on the first and second conductive lines CLL1 and CL2 and
the dnving voltage line DVL. The passivation film PSV may
be an organic isulating film including an organic material.

In an embodiment of the present disclosure, the passiva-
tion film PSV may be divided into a first region A and a
second region B. The first region A may be a region
corresponding to (e.g., under) the opening OPN 1in the {first
insulating film INS1, and the second region B may be a
region that does not correspond to (e.g., 1s ollset from) the
opening OPN. A thickness d1 of the passivation film PSV 1n
the first region A may be diflerent from a thickness d2 of the
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passivation film PSV 1n the second region B. For example,
the thickness d1 of the passivation film PSV 1n the first
region A may be less than the thickness d2 of the passivation
film PSV 1in the second region B (e.g., the passivation film
PSV may be thinner 1n the first region A than 1n the second
region B). That 1s, the thickness d2 of the passivation film
PSV 1 the second region B may be greater than the
thickness d1 of the passivation film PSV 1n the first region
A.

The display element portion DPL may include first to
third insulating films INS1 to INS3 provided on one or more
ol the passivation film PSV, the first and second electrodes
EL1 and EL2, the bank BNK, the light emitting elements
LD, the first and second contact electrodes CNE1 and
CNE2, and the encap layer ENC.

The first 1nsulating film INS1 may be prowded on the
passivation film PSV and may have the opening OPN
exposing a portion of the passivation film PSV. The light
emitting elements LD may be disposed 1in the opening OPN
in the first insulating film INSI.

The first msulating film INS1 may be formed through a
following process.

After applying an insulating material layer on the passi-
vation film PSV, an insulating pattern having a sub opening,
exposing a portion of the passivation film PSV may be
formed by performing a process using a mask. Subsequently,
the first contact opening CH1 exposing a portion of the
second conductive line CL2, the second contact opening
CH2 exposing a portion of the driving voltage line DVL, and
the first mnsulating film INS1 having the opening OPN
corresponding to a groove HM 1n the passivation film PSV
may be formed by performing an etching process using the
above-described 1nsulating pattern as an etching mask. The
sub opening may be the opening OPN having a width and/or
a size that 1s expanded by the etching process using the
insulating pattern as the etching mask.

When the above-described etching process 1s performed,
one region of the passivation film PSV exposed by the sub
opening of the msulating pattern may be etched, and thus,
the groove HM may be formed. The groove HM 1n the
passivation film PSV may correspond to the opening OPN in
the first insulating film INS1. Accordingly, the first region A
of the passivation film PSV may be a region where the
groove HM 1s positioned, and the second region B of the
pas sivation {ilm PSV may be a region where the groove HM
1s not positioned. The first area A of the passivation film PSV
where the groove HM 1s positioned may be thinner than the
second region B of the passivation film PSV where the
groove HM 1s not positioned, as shown i FIGS. 14 and 15.

A process of forming the groove HM 1n the passivation
film PSV and the opening OPN in the first insulating film
INS1 described above will be described 1n more detail with
reference to FIGS. 17A, 17B, and 18A to 18C.

The first and second electrodes ELL1 and EL2 may be
provided and/or formed on the first msulating film INS1
having the opening OPN and the first and second contact
openings CH1 and CH2. A portion of each of the first
clectrode EL1 and the second electrode EL2 may extend into
the opeming OPN 1n the first insulating {ilm INS1 and may
be provided and/or formed in the groove HM 1n the passi-
vation film PSV exposed by the opening OPN. The portion
of each of the first and second electrodes ELL1 and EL2
provided 1n the groove HM 1n the passivation film PSV may
be positioned under a boundary surface between the first
insulating film INS1 and the passivation film PSV, for
example, below a lower surface LF of the first imnsulating
film INS1. For example, the portion of each of the first and
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second electrodes ELL1 and EL2 provided i the groove HM
of the passivation film PSV in the opening OPN 1n the first
insulating film INS1 may be positioned to be further adja-
cent to (e.g., nearer to) the substrate SUB than the lower
surface LF of the first insulating film INS1 (e.g., a distance
between the lowest portions of the first and second elec-

trodes ELL1 and FL2 and the substrate SUB 1s less than a
distance between the lower surface LF of the first insulating
film INS1 and the substrate SUB).

The first electrode ELL1 may be connected to a portion of
the pixel circuit portion PCL, for example, the second
conductive line CL2 and the transistor T, through the first
contact opening CHI1, which passes through the first 1nsu-
lating film INS1 and the passivation film PSV. The second
clectrode ELL2 may be connected to a portion of the pixel
circuit portion PCL, for example, the driving voltage line
DVL, through the second contact opening CH2, which

passes through the first insulating film INS1 and the passi-
vation film PSV.

The second 1nsulating film INS2 may be provided and/or
formed on the first and second electrodes ELL1 and EL2.

The light emitting elements LD may be disposed on the
second msulating film INS2 positioned 1n the opeming OPN
in the first insulating film INS1. The third insulating film
INS3 may be provided and/or formed on each of the light
emitting elements LD. The third msulating film INS3 may
be provided and/or formed on each of the light emitting
clements LD to cover a portion of an upper surface of each
of the light emitting elements LD and expose the both ends
of each of the light emitting elements LD to the outside. The
third msulating film INS3 may be formed as an independent
insulating pattern in the pixel area PXA of each pixel PXL,
but the present disclosure 1s not limited thereto.

The third insulating film INS3 may be a single film or
have a multi-film structure and may include an inorganic
insulating film including an morganic material or an organic
insulating film including an organic material. The third
lating film INS3 may further fix each of the light

1nsu.
emitting elements LD aligned in the pixel area PXA of each
pixel PXL. In an embodiment of the present disclosure, the
third nsulating film INS3 may include an inorganic insu-
lating film that protects the active layer 12 of each of the
light emitting elements LD from external oxygen, moisture,
and the like. However, the present disclosure 1s not limited
thereto. For example, the third insulating film INS3 may
include an organic insulating film including an organic
material according to a design condition or the like of the
display device to which the light emitting elements LD are
applied.

In an embodiment of the present disclosure, the light
emitting elements LD may not deviate from the aligned
position by forming the third mnsulating film INS3 on the
light emitting elements LD after the alignment of the light
emitting elements LD 1s completed in the light emission area
EMA of each pixel PXL. When an empty gap (or space) 1s
present between the second insulating film INS2 and the
light emitting elements LD before forming the third insu-
lating film INS3, the empty gap may be filled with the third
isulating film INS3 i a process of forming the third
insulating film INS3. Accordingly, the third msulating film
INS3 may be an organic msulating film to {ill the empty gap
between the second insulating film INS2 and the light
emitting elements LD.

The first and second contact electrodes CNE1 and CNE2
may be provided and/or formed on the third mnsulating film
INS3.
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The first contact electrode CNE1 may be formed on the
second 1nsulating film INS2 on the first electrode ELL1 and
may overlap the first electrode ELL1 and the one end of each
of the light emitting elements LD. The second contact
clectrode CNE2 may be formed on the second insulating

film INS2 on the second electrode EL2 and may overlap the
second electrode

EL2 and the other end of each of the light
emitting elements LD. The first contact electrode CNE1 and
the second contact electrode CNE2 may be disposed to be
spaced apart from each other. For example, the first contact
clectrode CNFE1 and the second contact electrode CNE2 may
be disposed to be spaced apart from each other at a constant

(or substantially constant) distance on the third insulating
film INS3 of each of the light emitting elements LD.

The first contact electrode CNE1 and the second contact
clectrode CNE2 may be provided on the same layer, but the
present disclosure 1s not limited thereto. According to an
embodiment, the first contact electrode CNF1 and the sec-
ond contact electrode CNE2 may be provided on different
layers. For example, as shown 1n FIG. 16, the first contact
clectrode CNE1 may be provided on the third insulating film
INS3 and may be covered by an auxiliary insulating film
AUINS. In addition, the second contact electrode CNE?2
may be provided on the auxiliary insulating film AUINS and
may be covered by the encap layer ENC. The auxiliary
insulating film AUINS may be an inorganic insulating film
including an 1norganic material or an organic insulating film
including an organic material.

According to the above-described embodiment, 1n a pro-
cess of forming the opening OPN 1n the first insulating film
INS1, the first and second contact openings CH1 and CH2
for respectively connecting the first and second electrodes
EL1 and EL2 to a portion of the pixel circuit unit PCL may
be simultaneously (or concurrently) formed. Therefore, a
process or the like of forming the first and second contact
openings CH1 and CH2 using a separate mask may be
omitted. Accordingly, a manufacturing process of the dis-
play device according to the above-described embodiment
may be simplified.

FIGS. 17A to 17G are schematic plan views sequentially
illustrating a method of manufacturing the pixel shown 1n
FI1G. 13, and FIGS. 18A to 18I are schematic cross-sectional
views sequentially 1llustrating a method of manufacturing
the pixel shown 1n FIG. 14.

Hereinafter, the pixels shown i FIGS. 13 and 14 will be

sequentially described according to the manufacturing

method with reference to FIGS. 17A to 17G and FIGS. 18A
to 18I.

Referring to FIGS. 1A to 5, 6A, 13, 14, and 18A, an
insulating film, the transistor 1, the driving voltage line
DVL, and the first and the second conductive lines CLL1 and
CL2 are formed on the substrate SUB.

Subsequently, the first insulating material layer INSM1 1s
formed on the first and second conductive lines CLL1 and
CL2 and the driving voltage line DVL. The first insulating
matenial layer INSM1 may be an organic insulating film
including an organic material.

Referring to FIGS. 1A to 5, 6A, 13, 14, 17A, 18A, and
188, after forming the second insulating material layer
INSM2 on the first insulating material layer INSM1, a {first
insulating pattern INS1' having a plurality of sub openings
OPN' exposing a portion of the first insulating material layer
INSM1 1s formed by removing a portion of the second
insulating material layer INSM2 using a mask.

The second insulating material layer INSM2 may include
an 1norganic insulating film including (or formed of) an
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inorganic material or an organic insulating film including (or
formed of) an organic matenal.

Referring to FIGS. 1A to 5, 6A, 13, 14, 17B, and 18A to
18C, a portion of each of the first mmsulating pattern INS1'
and the first insulating material layer INSM1 1s removed by
performing an etching process using the first insulating
pattern INS1' as an etching mask.

Through the above-described etching process, a portion of
the first insulating material layer INSM1 1s removed to form
the passivation {ilm PSV and the first 1nsulat1ng fillm INS1
having the first contact opening CH1 exposing a portion of
the second conductive line CL2 and the second contact
opening CH2 exposing a portion of the driving voltage line
DVL. The etching process may be a dry etching process.

In the above-described etching process, because the first
insulating pattern INS1' 1s used as the etching mask, a width
and/or a size of at least one sub opening OPN' of the sub
openings OPN' may be expanded, and thus, at least one of
the sub openings OPN' may become the opening OPN. In
addition, one region of the first insulating material layer
INSM exposed by the sub opening OPN' 1s etched (e.g.
partially etched), and thus, the passivation film PSV havmg
the groove HM 1s formed. The groove HM 1n the passivation
film PSV may correspond to the opening OPN in the first
insulating film INS1. The thickness d1 of the first region A
of the passivation film PSV having the groove HM may be
less than the thickness d2 of the other region B of the
passivation film PSV where the groove HM 1s not present.

In an embodiment of the present disclosure, the groove
HM 1n the passivation film PSV may be positioned under the
lower surface LF of the first insulating film INSI1.

Referring to FIGS. 1A to 5, 6A, 13, 14, 17C, and 18A to
18D, the first and second connection lines CNL1 and CNL2

including a conductive element (or conductive material)

having a high reflectance and the first and second electrodes
ELL1 and EL2 are formed on the first insulating film INS1
having the opening OPN.

The first and second connection lines CNL1 and CNL?2
may extend 1n the first direction DR1 and may be commonly
provided to pixels PXL positioned adjacently in the exten-
sion direction DR1. The first electrode ELL1 may be branched
from the first connection line CNL1 1n the second direction
DR2, and the second electrode EL2 may be branched from

the second connection line CNL2 1in the second direction
DR2. The first electrode E

EL1 and the first connection line
CNL1 may be mtegrally provided, and the second electrode
EL2 and the second connection line CNL2 may be integrally
provided.

The first electrode ELL1 may be electrically connected to
a portion of the pixel circuit portion PCL through the first
contact opening CH1, which passes through the passivation
film PSV and the first msulating film INS1. The second
clectrode EL2 may be electrically connected to a portion of
the pixel circuit portion PCL through the second contact
opening CH2, which passes through the passivation film
PSV and the first insulating film INSI.

A portion of each of the first electrode ELL1 and the second
clectrode EL2 may extend into the opening OPN 1n the first
insulating film INS1 and may be provided and/or formed 1n
the groove HM 1n the passivation film PSV exposed by the
opening OPN. The portion of each of the first and second
clectrodes ELL1 and FL2 provided in the groove HM 1n the
passivation {ilm PSV may be positioned under the lower
surface LF of the first insulating film INSI1.

Referring to FIGS. 1A to 5, 6A, 13, 14, and 18A to 18E,
the second 1nsulating film INS2 exposing a portion of each

of the first and second electrodes EI.1 and EIL.2 1s formed on
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the first and second electrodes ELL1 and EL2 and the first and
second connection lines CNL1 and CNL2.

Next, the bank BNK 1s formed on the second insulating
film INS2.

Referring to FIGS. 1A to 5, 6A, 13, 14, 17D, and 18A to
18F, after forming an electric field between the first and
second electrodes ELL1 and EL2 by applying the alignment
signals (or alignment voltages) corresponding to the respec-
tive first and second electrodes ELL1 and EL2, the mixed
liquid including the light emitting elements LD 1s 1put to
the pixel area PXA of each of the pixels PXL using an inkjet
printing method or the like.

When the light emitting elements LD are mput to the pixel
arca PXA of each of the pixels PXL, the light emitting
clements LD may be self-aligned by the electric field formed
between the first electrode ELL1 and the second electrode
EL2. Accordingly, the light emitting elements LD may be
aligned on the second 1nsulating film INS2 between the first
clectrode ELL1 and the second electrode EL2 1n the opening
OPN 1n the first msulating film INSI.

Referring to FIGS. 1A to 3, 6A, 13, 14, 17E, and 18A to
18G, the third insulating film INS3 is formed on each of the
light emitting elements LD. The third insulating film INS3
may cover at least a portion of an upper surface of each of
the light emitting elements LD and expose the both ends of
cach of the light emitting elements LD to the outside.

Referring to FIGS. 1A to 5, 6A, 13, 14, and 17F, an
etching process or the like using a mask 1s performed to
remove a portion of the first connection line CNL1 so that
cach of the pixels PXL may be driven independently or
separately from the pixels PXL adjacent thereto. Accord-
ingly, the first connection line CNL1 provided to each pixel
PXL may be electrically and/or physically separated from
the first connection line CNL1 provided to the pixels PXL
adjacent thereto.

Referring to FIGS. 1A to §, 6A, 13, 14, 17G, 18A to 18I,
the first and second contact electrodes CNE1 and CNE2 are
tformed on the third mmsulating film INS3. The first contact
clectrode CNE1 may overlap the first electrode ELL1 and the
one end of each of the light emitting elements LD. The
second contact electrode CNE2 may overlap the second
clectrode EL2 and the other end of each of the light emitting
clements LD.

Subsequently, the encap layer ENC covering the first and
second contact electrodes CNE1 and CNE2 1s formed.

FI1G. 19 1s a cross-sectional view of the implementation of
the display element portion shown 1n FIG. 14 according to
another embodiment.

In relation to the embodiment shown 1n FIG. 19, differ-
ences Irom the above-described embodiment will be primar-
i1ly described 1n order to avoid repetitive description(s). A
part, element, or configuration that 1s not specially described
in the present disclosure follows the above-described
embodiment, and the same reference numeral indicates the
same components, and a similar reference numeral 1indicates
a similar component.

Referring to FIGS. 1A to 5, 6A, and 19, each pixel PXL
may include the substrate SUB, the pixel circuit portion
PCL, and the display element portion DPL.

The pixel circuit portion PCL may have the same or
substantially the same configuration as the pixel circuit
portion PCL described above with reference to FIGS. 13 to
181.

The display element portion DPL may include the first to
third insulating films INS1 to INS3 provided on one or more
of the passivation film PSV, the first and second electrodes

EL1 and EL2, the bank BNK, the light emitting elements
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LD, the first and second contact electrodes CNE1 and
CNE2, and the encap layer ENC. In addition, the display
clement portion DPL may include the first insulating pattern
INSP1 disposed between the first contact electrode CNFEI1
and the encap layer ENC, and the second insulating pattern
INSP2 disposed between the second contact electrode CNE2
and the encap layer ENC.

The first 1insulating pattern INSP1 and the second insu-
lating pattern INSP2 may be provided and/or formed on the
same layer, may include the same material, and may be
formed through the same process. The first and second
insulating patterns INSP1 and INSP2 may include an
organic insulating film including an organic material.

The first insulating pattern INSP1 may overlap the first
contact electrode CNE1 when viewed on the plane and may
have the same shape as the shape of the first contact
clectrode CNE1. For example, the first insulating pattern
INSP1 and the first contact electrode CNE1 may have the
same planar shape. The second insulating pattern INSP2
may overlap the second contact electrode CNE2 when
viewed on the plane and may have the same shape as the
shape of the second contact electrode CNE2. For example,
the second 1nsulating pattern INSP2 and the second contact
clectrode CNE2 may have the same planar shape.

In an embodiment of the present disclosure, the first
insulating pattern INSP1 may be formed by a process using
the first contact electrode CNFE1 and one mask (e.g., the
same mask), and the second insulating pattern INSP2 may
be formed by a process using the second contact electrode
CNE2 and one mask (e.g., the same mask).

The first insulating pattern INSP1 may be provided on the
first contact electrode CNE1 to protect the first contact
clectrode CNE1. In addition, the first insulating pattern
INSP1 may overlap the one end of each of the light emitting
clements LD and may act as a fixing member that {ixes the
light emitting elements LD together with the first contact
clectrode CNE1. The second insulating pattern INSP2 may
be provided on the second contact electrode CNE2 to protect
the second contact electrode CNE2. In addition, the second
insulating pattern INSP2 may overlap the other end of each
of the light emitting elements LD and may act as a fixing
member that fixes the light emitting elements LD together
with the second contact electrode CNE2.

Although the present disclosure has been described with
reference to example embodiments, those skilled 1n the art
will understand that the example embodiments described
herein may be variously modified and changed without
departing from the spirit and scope of the present disclosure
as set forth in the claims and their equivalents.

Therefore, the technical scope of the present disclosure
should not be limited to the content described 1n the detailed
description of the specification but should be defined by the
claims and their equivalents.

What 1s claimed 1s:

1. A display device comprising:

a substrate having a display area and a non-display area
extending around a side of the display area, the display
areca comprising a plurality of pixel areas; and

a pixel 1 each of the pixel areas, each of the pixels
COMPrises:

a transistor and a driving voltage line on the substrate;

a passivation layer on the transistor and the drniving
voltage line;

an msulating layer on the passivation layer and having
an opening;

first and second electrodes on the msulating layer and
spaced apart from each other; and
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a plurality of light emitting elements in the opening,

wherein the passivation layer has a first area correspond-
ing to the opening 1n the mmsulating layer and a second
arca that does not correspond to the opening in the
insulating layer, and

wherein a thickness of the first area of the passivation

layer and a thickness of the second area of the passi-
vation layer are diflerent from each other.

2. The display device according to claim 1, wherein the
thickness of the first area of the passivation layer 1s less than
the thickness of the second area of the passivation layer.

3. The display device according to claim 2, wherein a first
distance between the substrate and a portion of each of the
first and second electrodes 1n the opeming in the msulating

layer 1s less than a second distance between the substrate and
the passivation layer.

4. The display device according to claim 1, wherein each
of the pixels further comprises:

an 1nsulating pattern on an upper surface of the light

emitting elements;

a first contact electrode connecting the first electrode and

one end of the light emitting elements; and

a second contact electrode connecting the second elec-

trode and another end of the light emitting elements.

5. The display device according to claim 4, wherein the
first contact electrode and the second contact electrode are
spaced apart from each other on the insulating pattern.

6. The display device according to claim 5, wherein the
first contact electrode and the second contact electrode are
on the same layer.

7. The display device according to claim 3, wherein the
first contact electrode and the second contact electrode are
on different layers.

8. The display device according to claim 5, wherein each
of the pixels further comprises:

a first insulating pattern on the first contact electrode; and

a second insulating pattern on the second contact elec-

trode, and wherein

the first contact electrode and the first insulating pattern

have the same planar shape, and the second contact
clectrode and the second insulating pattern have the
same planar shape.
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9. A method of manufacturing a display device, the
method comprising:

providing a pixel in each pixel area on a substrate, the

providing the pixel comprising:

forming a transistor and a driving voltage line on the
substrate;

forming a first insulating material layer on the transistor
and the driving voltage line;

forming an insulating pattern having a sub opening
exposing the first insulating material layer by form-
ing a second insulating material layer on the first
insulating material layer and removing a portion of
the second msulating material layer;

forming a passivation layer having a groove and an
insulating layer having an opening with a width
greater than a width of the sub opening by removing
a portion of the exposed first insulating material
layer using the insulating pattern as an etching mask;

forming a first electrode and a second electrode spaced
apart from each other on the msulating layer;

supplying light emitting elements to the pixel area and
aligning the light emitting elements by forming an
clectric field between the first electrode and the
second electrode by applying an alignment signal
corresponding to each of the first and second elec-
trodes; and

forming a contact electrode on each of the first and
second electrodes.

10. The method according to claim 9, wherein the groove
in the passivation layer corresponds to the opening in the
insulating layer.

11. The method according to claim 10, wherein a first
distance between the substrate and a portion of each of the
first and second electrodes 1n the opeming in the insulating
layer 1s less than a second distance between the substrate and
the passivation layer.

12. The method according to claim 11, wherein the
forming the passivation layer and the insulating layer com-
prises forming a contact opening exposing each of a portion
of the transistor and a portion of the driving voltage line by
removing a portion of the insulating pattern and the second
insulating material layer.
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